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In Three Parts, viz. 

PART I. Catoptrics, or the Dodtrine 
of Vifion by Rays reflected from Mirrwrs % or 
polifhed Surfaces. 

PART II. Dioptrics, or the Theory of 

Vifion by Rays refra&d through Ltnfes* Qr tranfparent 
Subftanccs. * •:..- 

PART III. A Praftical Description of a-greit Number 
of die moft ufeful Optical Inftmments and Machinal and their 
Conftra&ion fhewn from the Theory 5 viz. The Eye, 
Camira Q*$cvk a, Jingle and double Microscopes, Rt- 
fraSing and Rejlecling Tilbscopbs, Perspectivi 
Glasses, the Mao ic Lanthorn, lie. The Manner 
of adapting Micrometers to Microscopes and Tile- 
scopes of the refle&ing Sort. 

The whole explained, exemplified, aod illuftrated by a 
great Variety of Copper-Plate Figures, as big as the Life. 

By BENJAMIN MARTIN. 

Author of the Philological Library of Literary Arts and Sciences ; 
and A Treatife of Logarithm*, Common and Logifiical $ in Theory 
and Practice. 

Oculiy pars corporis preiiqfijfima, £sf qui huts uju mitam dijfin- 
guant a morte. Plin. Nat. Hilt. Lib. it. Cap. 37. 

Nam Jk pojfunt jigurari perjjncua & Jpecula, ut latum appareat 
multa — ut longifjtm} pofita % appareant propinguiffima--—** 
ut maxima appareant minima, Cf alia appareant infima, & 
oculta *videantur manifefta, » ■■ ■ W fieltas faceremus apparer* 
quo vellemuj. Roo. Bacon. Epift. 

LONDON: 

Printed for J a m e s Hodoes, at the Looking-Glafs on ' 

Londtn-Bridge. MDCCXL. 



A 



• •:: : 



• « 



* ♦ 



* t \ V 



si 



f>3 



^ *■<* ■ T O 






Martin Folkes, £/^; 



VI CE-PR E S I DENT 



O F T HE 



ROYAL SOCIETY, &V* 



SIR, 

THE Reputation You have ac- 
quired of a general and pro- 
found Knowledge in the 
Arts and Sciences, as well Literary as 
Mathematical, and Your particular 
Tafte for Optics, and the more deli- 
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vi DEDICATION. 

cate Pleasures arifing from the vari- 
ous Effeds and Inventions of that 
noble Science, point You out as the 
moft proper Patron for my Syftem of 
Optics. And I prefume the more 
freely to put my Book out under the 
Patronage of Your Name, as You 
have been pleafed to let me. know 
You thought my former Pieces worth 
Your Notice and PerufaJ. And as 
You have honoured me with Your 
Approbation of my new Pocket Micro- 
fcopes, I mall take the Freedom, e'er 
long, of prefenting You with fome- 
thing new in the Reflecling-Tele- 
fcope Way, if Succefe attends my 
Pefrgns. I . Should think myfelf in 
nothing happier, than in doing fome- 
thing that You fhall approve and ac- 
cept. And If the following Book 
.caq be thought to have fo much 

Merit, } 
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DEDICATION, vu 

Merit, my higheft Ambition will be 
fatisfied : And I take this Opportuni- 
ty of letting You know how much 
I value Your Judgment and Friend- 
ship, and am, with all Gratitude and 
Refped, 



SIR, 



Tour mofi obliged, and 



Moft obedient Servant, 



Benj. Martin. 
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P REFAC E. 



AS the Eye among the Organs 
of the Body, Jo Optics among 
• the Sciences, is the moft^de-. 
licate, curious y andu/eful; as the Parts 
and Structure of the Eye Jurpa/s that 
of tnofi other organical Parts y in Point 
of Mechanifm and wondrous Contri- 
vance y Jo the Principles and Theorems 
of Optics are of a peculiar Nature^ 
wonderful in their harmonious Origin^ 
and exprefs a whole Science in a Line. 
Laftfyi As the Eye it that Organ by 

which 
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The PREFACE. 

libich we have all our Ideas of the 
Magnitude,. Order, Number ; Difyo- 
,Htion, Colours, &c. of Things about 
us; fo Optics is that Science which a- 
lone accounts for the Reafon and Man- 
lier of fuch Senfations : And a Man 
not verfed in the Vifual Science, can 
no more properly befaid to fee Things 
rationally, than a Quadruped; and 
has little better Notions of apparent 
Magnitudes and Diflanca of Things, 
tha% a Hind Man has of Colour?. • * 



A 



• THUS Qjp& if in.it/fy +fth* 
lafi Importance, and to be weU under-* 
flood to dij criminate the Man from the 
Brute, in Regard of the noik Senfe 
of Seeing. * But this is mt att\ it is 
alfif the Ground- Work, of Fundamen- 
tal Science, to many others, as Perfpec- 
tfore Painting, . Architecture, - Aftrono- 
C :. . my, 






The PREFACE. a 
my, Dialling, S urve y ing, ftffc How 

v£*r and Artifis be, were they not of* 
fifed and fuccxmred by tie Principles 
and Rides tf this noble Science ? 

- AGAIN* If we regard Curio/*- 
tjh what Science can compare with 
Optics, in tie whole Encyclopedia* 
What Gratifications ofSenfefi exam- 
fite as tbofe of Sight? By Optics the 
Heavens have boon revealed to us.; the 
Spots and Feadte on the Face of the 
Sun, the Horns and warning Phafes of 
Venus, the Mountains and Volts, in 
the Moon, the Satellites, and Belts of 
Jupiter, and Saturn with his wondrous 
Ming i befdes innumerable Stars not 
otbermfe to be feat but by the Tek- 
feopel JVhat Plea/ure, yea, how uft- 
fulis it, to have Object's thirty or forty 

Miles 
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Miles off, brought within the Diflance 
of one Mile, or half a Mile f Yet this 
the Telefcope effe&s. Agaiq, What 
Difcoveries have been made in the 
World. of Miniature, where Objects fb 
veryfinall as otherwife muJPever have \ 
been unfeen and unknown by us, are 
made confpicuous, and rendered vifible 
in their minuter Parts f Who could 
ever have thought of the Animalcule 
in Water y xVSemine, &c. 'The Eels 
in Vinegar and Water ; the Pores and 
Air-Veffels in Wood; the pearly Drops 
on Leaves of various Plants ; the ve- 
hicular Subfiance of Beans, Peafe, and 
all Kind of Pulfe ; the curious Forms, 
the particular StrueTure of Parts, and 
the rich Colours that adorn mofi of the 
invifible Tribes of Animals I Yet all 
this, and ten thou/and times more, is 
performable by the Microfcope $ an In- 

firument 
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The PREFACE. xiii 

flrument which no reafonable Man 
Jbould wanty inafinuch as itfcrves him 
tnfiead of Microlcopic Eyes. As to 
the Benefit thofe receive from this 
Science y wbo/e Eyes require the Aid of 
Spectacles, it is fo great and Jo gene- 
ral, that it would Be meer Impertinence 
to pretend to expatiate upon it; and 
many other invaluable BleJJings refult 
from this Art of improving Sight, 
which the Experience of Mankind has 
long fine e evinced, we cant be without, 
and not be miferable. 

TET notwithfianding what has bun 
Jaid of the exceeding Ufefulnefi of this 
Science, I am too well convinced but 
very few under Jiand any Thing of iu 
Jf you qfk why tiny do not fludy Op- 
tics, they re-interrogate, what Books 
Jbould we read? If you refer them to 

Mr 



ad* Tk PREFACE. 
Mr Molyneaux, that is too large, and 
too- much perplex* d with algebraical So- 
lutions, and is therefore only Jit for 
Scholars. If you recommend Dr Gre- 
gory'* Elements, the Geometrical De- 
ntonftrations of every Proportion deter 
the Reader, and Mr Browne x Supple- 
ment thereto involves him in a Laby- 
rinth of analytical Invefiigations and 
Solutions, with little Order and Per- 
fpicuity, and great want of Schemes. 
If Jaftly, you acfoife them to read 
, Dr Smith'* Treatife of Optics, they tell 
you it is too expenfive, and fo volumi- 
nous, that they cannot pretend to have 
Itme for reading fo much upon the 
Subject, befides that by far the greatejt 
is above their Under/landing. The/e,' 
andfuch like, are the Objections to the. 
Books extant, and therefore it was 
judged necejfary to draw up a new. 

Syftem 
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* 

Syftem of Optics, which mighty f 
pofftbky obviate tbofe Objections, and 
remove the Difficulties that have h* 
tberto difcouraged P erf ens from tU 
Study of fo excellent a Science, 

IN. Order to this I judged it necef- 
fary to difpatcb the Theory in as Jhort % 
yet plain a Manner as poffible ; this in 
Catoptrics I have done from the ad- 
mirable umver/al Theorem, invented 
by the late Mr Humphrey Ditton; 
and in Dioptrics I was fupplied with 
that wondrous Theorem, which expreffes 
the whole Science in half a Line, and 
is one of the many noble Inventions of 
the juftty renowned Dr Halley. Tbefe 
two general Theorems I have explained 
and branched out into all the particu- 
lar Cafes that can arifefrom different 
Rays, Mirrours, and Lenfes, Difiances, 
■ and 
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aid Pofitions of Objects ; and after 
ttat, lift anyjhould not underftand the 
theory in Species, I have carefully ex- 
plained y or rather expreffed, each Theo- 
rem {in Catoptrics and Dioptrics) in 
Words at Length, andfo reduced them 
i to Rules, by which any Cafe may be 
folved truly, by thofe who know nothing 
of Algebm, or Geometry. I have alfo 
given Examples (to every Cafe that re- 
quired it) in Numbers, and illuftrated 
them by Schemes and Figures of Rajrs^ 
Mirrours, and Lenfes, as large as the 
Life, which has never been done before 
that I know of 

AFTER the Theory, in the Third 
Part, you have an Account of all the 
ufeful Optical Inftruments and Ma- 
chines, wbofe Nature and ConftruBion, 
are fully explained from the Theory ; 

and 
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and their Ufes exemplified by divers 
and familiar Examples. In jhert, 
whatever I judged curious, new, and 
worth the Reader s Notice, I have in- 
fer ted it all along ; but ftudioufly a- 
voided all nugatory Remarks, and the 
Minutiae of the Art, on one Hand ; 
and all ofientatidus Subtilties, and ufe- 
lefs Difquifitions, thflt may puzzle but 
not profit the Reader. Myfole Defign 
being to render the Study of this Science 
as eafy, delightful, and as general, as 
pojfible ; to effeEl which, I have done 
all that is is in my Power ; and I can 
neither do nor fay any more. 
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CHAP. I. 

J t - , < 

t>E F I N 1TI ON S. 

t. ^^v P TICS is a Science which 

teaches the Nature, Properties, 
and Laws of Viflon, arifing from 
the Rays of Light, either re- 
flected from the Surfaces of Bodies, or re- 
fraSUd in paffing thro 9 them, and painting 
the Images of Objeds on the 'Retina on the 
Bottom of the Eye. Alio this Science, in it's 
moft extenfive Acceptation, comprehends the 
whole Do&rine of Light and Colours, and all 
the Pbanomena or Appearances of vifible Ob- 
jects. Optics, therefore, confifteth of three 
Parts, viz. Catoptrics, Dioptrics, and Cbro* 
matics. 

• 

II. Catoptrics is that Part which treats 
of Reflex Viflon, or all that relates to the view* 
ing of Objeds by Light refleSed from, the Sur- 
faces of Bodies, whether plain, convex, con- 
c&je, or other wife; and in Rays diverging, 
converging, or parallel to each other. . 

III. Drop- 



2 DEFINITIONS. 

III. DioPTRigs treats of the Properties of 
Light and Vifion, 'arifing from Rays palling 
thro* tranfparent Media or Bodies, as Air, 
Water, Glafs t Cryftal, Diamond, &c. 

IV. Chromatics treats of the Colours 
of Light and natural Bodies. Of this Part 
Sir Ifaac Newton $ Optics does almoft entirely 
confift. 

V. Light is that Property of fome Ba- 
sics by which Objeds are rendered vifible, or 
Capable of being^w by the Eye. It confifts 
of very fmall Particles which iflue from the 
luminous Body in ftrait Lines. 

VI. Rays or Beams of Light are thofc 
Streams or Emanations of Light, which pro- 
ceed from the luminous Body, and enlighten 
or illuminate all Objects fo that they may be 

feen. 

VII. The Radiant is that Body or Ob- 
jedfc which emits, or from which proceed, the 
Rays of Light under Confideration at any 
Time. 

VIII. The Species of an Objedt is the 
Image or Reprefentation thereof, made by the 
Rays of Light in the Focus, or Place where 
they unite* 

IX. Parallel 



DEFINITIONS. 3 

IX. Parallel Rays, arc fuch as proceed 
equally difiant from each other thro' all their 
Courfe $ as thofe from the Sun, and other vaft- 
ly diftant Objcds. See Fig. i. Plate I. 

X. Converging Rays are fuch as, pro- 
ceeding from a Body, approach nearer and 
nearer together in their Progrefs, tending to 
one certain Point, where they all unite ; thus 
the Rays proceeding from the Objedt A B to 
the Point F, are faid to converge towards that 
Point. Fig. 2. 

XI. Diverging Rays are thofe, which, 
proceeding from any Point, as A, do conti- 
nually recede from each other as they pafs 
along in their Courfe towards BC. Fig. 3. 

XIL The Focus of Rays is that Point to 
which all Converging Rays tend, and in 
which they unite and interfed each other; 
as the Point F, Fig. 2. And this is called 
the Real Focus ; but 

XIII. The Virtual or imaginary Focus, 
is a Point, as F, to which the Rays AB tend, 
and where they would unite, were they not 
intercepted by the Obftacle (fuppofe a Mirrour) 
C D 5 by which Means they are turn'd afide, 
and made to converge in tljeir Real Focus F. 
Fig. 4. 

A 2 XIV. Re- 
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XIV. Reflection of Rays is their Re- 
grefs or Returning from, the Surface of fuch 
Bodies on which they fall, and cannot pene- 
trate or enter. Thus the Ray B C falling oa 
the Surface A D, is reflected or turned back 
or up again in the Dire&ion C E. 

XV. The Plane of Reflexion is that in 
tyhich the reflecting Point, or Surface, is fitu- 
ated, as A D in Fig. 5. and a d in Fig. 6 apd 7. 

XVI. Mirrours or Speculums are thofe 
Bodies whofe Surfaces are fo very fmooth, and 
fine polifh'd, as to be impervious to the Rays 
of Light which fall on them, and which, 
therefore they refleft fo entirely, as to repre- 
fent the Images of ObjeSis oppofed to them. 
Thefe are generally made of Glafs polifli'd on 
one Side, and quickfilver'd on the other -, and 
are either plain, convex, or concave* 

XVII. Plain Mirrours are thofe whofe 
Surfaces are perfect Planes, and whofe Sedtion 
is zjirait Line y as A D, Fig. 5. Note, thefe 
are vulgarly called Looking-Glajfes. 

m 

XVIII. Convex Mirrours are fiich 
whofe Surfaces do every Way equally and 
uniformly rife above the Plane of their Bafes 
or loweft Parts -, the Section of which Sort of 
Mirrour is a Curve, either Circular, ElliMical, 

Par arnica/,' 
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TaraMical^ or Hyperbolical. See Fig. 6. where 
A D is a Circular Section, and the Mirrour 
is the Segment of a Gibfc, or Spherical Sur- 
face/ which are of taoft common Ufc. As 

XIX. Concave Mi it hours ate thofe 
whofe Surfaces fink down with an uniform 
HolloWneft or Curvity, below the upper Parts 
A D, and whofe Seftidn alfo is a Curve \ as 
various, as the Convex above; but AD in 
Fig. 7. is circular,* and it's Surface the inter- 
nalPart cf an hollow Sphere^ as being moft in 

ure. 

XX. The Incident Ray is thit which 
comes from any ObjeCfc, and falls on the re- 
flecting Surface as B C; and C E is the refietted 
Ray. 

XXI. The Angle of Incidence is that 
which is contained betwfeen the incident Ray 
B C, and a perpendicular to the reflecting Sur- 
face in thfe Pcfint of Reflection F C, viz. the 
Angle BCF. Fig. 5, 6, 7. 

XXI}. The Angle of Reflection is 
that contained betWefen the faid perpendicular 
FC, and thfe reflected Ray CEj viz. the 
Angle FCE. Fig.$, 6, 7. 

* 

XXIII. Re^racttion of Rays is their be- 
ing bent or turned out of their firft Courfe, 

A3 ia 
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in paffing out of one Medium into another. 
Let ADHI be a Body of Water, AD it's 
Surface, C a Point in which a Ray of Light 
B C (in the Air) begins to enter the fame ; this 
Ray, by the greater Den fit y of the Water, 
will be refilled, and inftead of paffing (trait 
forwards in it's fir ft Direction to K, it will be 
bent therefrom, and made to defcribe the 
Tra& C E, which is called the refradled Ray. 
Let F G be drawn perpendicular to the Sur- 
face of the Medium in C, then it is plain 
the Ray B C, in paffing out of a rarer Me- 
dium (viz. of Air) into a denjer Medium, 
(viz. of Water) is refra&ed into a Ray C E, 
which is nearer to the perpendicular CG, 
than the incident Ray, and, on the contrary, 
the Ray E C paffing out of a denfer into a 
rarer Medium, will be refradted into CB, 
which is farther from the perpendicular. 

XXIV, The Angle BCF is the Angle of 
Incidence, as before ; and F C G is the Angle 
of RejraSlion, as being contained between 
the refra&ed Ray C E, and the perpendicu- 
lar CG. 

XXV. A Lens is a Medium, generally of 
Glafs, of a proper Form to collect or dijperfe 
the Rays of Light which pafs through it. 
Of thefe there be various Forms, and which, 
from thence, receive divers Names. As 

XXVI. A 
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XXVI. A Plano-Convex, which hath 
one Side plain, the other Spherical or Convex ; 
as (Fig. 9.) A. 

XXVII. A Plano - Concave, plain on 
one Side, and concave on the other 5 as B, 
Fig. 9. 

XXVIII. A Double-Convex, is one Cimr- 
, vex on both Sides ; as C, Fig. 9. 

XXIX. A Double-Concave, is one Con- 
cave on both Sides j as D, Fig. 9. 

XXX. A Meniscus, is one Convex on 
one Side, and Concave on the other; as E, 
Fig. 9. 

XXXI. The Vertex of a Mirrour or 
Lens, as A B, is the middle Point V, every 
Way equally diftant from it's Bafe. Fig. 10. 

*. 

XXXII. The Axis of a Mirrour or Lens 
h the Right Line E D, drawn thro 9 the Ver- 
tex V, and the Center C, on which it was 
defcribed. 

XXXIII. The Visual or Optic Jngle 9 
is that which is contained under the two 
Right Lines drawn from the extreme Points 
of an Objeft to the Eye ; thus AEB or CED 

A 4 is 
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C H A P. n. 

The Principles of Catoptrics and .?.. 

Dioptrics. 
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WHAT I fhall here propofe and lay 
down as the Principles of Optics; are 
thofe things on which the following New 
Theory, both of Catoptrics and Dioptrics, does 
chiefly depend; and which are in themfetves 
very evident, or have been demonftrated by 
Mathematicians, or confirm'd by Experiments \ 
or laftly, are fuch as tho' not flriSily or geome- 
trically true, may neverthelefs he ajfumed as 
fu(b) without any fenfible Error. 

Principle I. 

In very/mail Angles B C E, the Sine of the 
Angle A D, the Arch D B, and the Tangent 
EB, are very nearly equal to each other. 
Plate 2. Fig, i. 

For fuppofe the Radius C B divided into 
Iqoooo equal Parts, the Sine, the Arch, and 
(he Tangent, will each of them be but 29 of 
thefe Parts, when the Angle or Arch is but 
one Minute of a Degree Or if the Arch be 

oif 



i 
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i o The Principles of 

of one Degree, it's Length will be 1745^, 
that of the Sine 1745—, and that of the Tan- 
gent 1745-^, of fuch Parts. The Difference 
being fo extremely fmall, the Propofition vst 
evident. 

Principle II. 

In every Triangle, the Side* are proportional 
U the Sines of their oppofite Angles. 

This is demonftrated by all the Writers of 
Trigonometry. And therefore, when thefe An- 
gles are very fmall, they have the fame Propor- 
tion with their oppofite Sides, by Princip. I, 

Principle III. 

In every Plain Triangle BCD, (Fig. 2.) if 
the Side CB be produced \ the outer Angle ABD 
jhall be equal to the Sum of the Angles at C 
and D. By Euclid's 3 2d Prop, of Book I. 

Principle IV. 

• Let AB (Fig. 3.) be part of a Circle de- 
scribed with the Radius CB; and EB an 
Arch defcribed with the Radius DB, let CD 
join the Centers C and D, and draw D E ; 
this {hall inter fed the Arches in G and E, and 
GE will be the Difference between DE and 
, DB. Now it is evident the greater D C i x, 
the lefs will be GE, the Angle BDE remain- 
ing 
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tag the fame; alp the merer the Pmmt E is u 
B, the kfi is tbeDiferemu GE 5 amd there- 
fore, wbem E is very mear t» B, ibeJaUDift 
remce will k very/mill, ami mrmfiJermUej 
mffwrwtlj, tie Limes DB ami DE 
focb a Cafe, ie afmmed emml m 



PlIXClPLI T. 

lie noma* ami rem&iRar art bam 





PtlKCIPLE VL 

fie Angle eflncUmce BC¥ is 
UtbeJxgle ef'RrftSim FCE.(Pbte i. Fig. 5.) 

This is evident from Exp eri m ent. See tne 
Pbihf Grammar ■, Book L dap. VI, Note* 
and is demonftmed by Dr Gngmj m bis 
Elemu mfCattf. Prop. 1. 

FiiiciPLt TIL 

fie imdient ami refraSeiEaj art ham mx 
the fame Flame. 

PlIRCIPLI viil 

RtfrsStm mi §f m rarer Mrdhm 
datjtr, is wui&t tvwarit the ferfrmS rmlar ; 
vice ictfe x«ft * rarer MrJntm. Set Defm.z$. 

P&IBCIPLK 



w 
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The Sim AD <f the Angk xf Incident* 
B C F> /V fe&tor vccuraltfy or wry neatly in 
a give* <fr tortfont M*9i&> or Proportion to 
the Sine HR of the Angle of Refraction E CG. 
Fig. 4. 

This Ratfo of the Sines, when the Refrac- 
tion is made out of Air iptd Wafet, is as 
4 to 3 ; that is, A D : H R : : 4 : 3, in Water. 

When the Reffa&ion is out of Air into 

Glqfs y the Proportion is as about 17 to 1 i y of 

more nearly, as 3 1 to 20, or as 77 to 50 j 

\>tit for common Ufe, as 3 to 2 j that is, 

. A D : H R : : 3 : 2, in Glals., 

If the Refradtion be out o( Air into t)ia- 
hiond, it is ai 5 to 2 ; and A D : H R : : 5 : 2. 
For the defiler the Medium is, the lefs will be 
the Angle and Sine of RefradHon. > 

Principle X, 

Wherever the Rays of Light* which cofhe 

from all the Points of any Obje£t> meet again 

in Jo many Poit&l after they have been made to 

converge by Reflection or Refraction, there they 

will fnAki a Piftuw of ike Qbjeft upoh any 

Sidy M Wktib they fall. . 

It 
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It was neceflary to premife this as a Prin- 
ciple, of Optics, tho' the Grouad* aad Truth, 
of it cannot, till after a few Pages, be made 
to appear. 

Pr^nci^ple XI. 

An ObjetHfeen by rejkBed or ref rafted Rays 
appears in that Place s from t whence y after their 
laji TZefle&ion or* ReffaBion^ they jyyqtgf. dk 
falling oh tbeSpe&ators Bye. ' \" ; 

Principle Xlt 

*fhe apparent Magnitude of an ObjeB is de- 
termined or eftimated by the Magnitude of the- 
Optic Angle which it Jubtends y or under wbkb 
it appears at the Eye of a Spectator. 

Thufr (in Fig. 1 1. Plate L) the Magnitude 
of the. Objedt A B is eftimated or meafured 
by the Quantity of the Angle AE B ; fo is alfp 
the Obje<a CD % but CD is greater than AB; 
and fince they appear under the lame Angle, 
it is evident, the apparent Magnitudes of Ob- 
jects may be equal, when their true or real 
Magnitudes ipay be unequal in any given Pro- 
portion. 
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CHAP. III. 

The The&ty of Catoptrics. 



i. T E T G E rcprcfcnt a Portion of a 
1 j Convex Speculum Mirrour ; C it's 
Center; CAor<CE the Semidiameter or 
Radius ; let D be a radiant Point in the Axis 
of the Speculum, from whence D A, a Ray of 
* Light proceeding, falls on the Point A, and 
is reflected into the Dire&ion A f, tending to 
a Point F, it's virtual Focus, in the Axis of 
the Speculum behind the Vertex E. Fig. 5. 

2. Let DE = d; CA = CE ~t y CF 
= z 5 and F E =/ = r — z ; and confequent- 
ly, f-\- « = r-CE. 

3. Suppofe the Point A very near to E ; 
then will the Angles at D and C be very fmall, 
and confequently will have the fame Propor- 
tion to each other as their oppofite Sides A C 
and AD have; by Princip. 1, and 2. But 
A C = A E, and DA may be efteemed equal to 
DE; by Princip. 4. Therefore it will be 
A DC : A CD : : CE : DE : : r : d. 

4. Produce C A to I, fo (hall I A be per- 
pendicular to the Mirrour in the Point of Re- 
flection A; and therefore the Angle DAI 
= IAf, by Princip. 6. ButDAI = </AC, 

and 
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and IAf = CAF, as being Angles at the 
Vertex of two interfering Lines, by Euclid* 
Book I. Prop. XV. Therefore ^AC=CAF. 
Again, JAC = ADC-f ACD=r-}-4 by 
Princip. 3. and consequently the Angle C AF 

5. In the Triangle CFA (the Point A be- 
ing very near E) the Angles at A and C will be 
very finall, and will have the fame Propor- 
tion as their oppofite Sides F C and FA, by 
Princip. i, and 2 ; that is, the Angle F AC: 
FCA::FC:FA: But in this Cafe FA may 
be cfteemed equal to F E, by Princip. 4, and 
therefore the Angle FAC:FCA::FC: 
FE::*:/ 

6. Bat the Angle at C is as DAorDE, 
that is, as d y by the 3d Step of this Theory % 
and the Angle FAC as r-{-d 9 by the 4th 
Step. Therefore/: z : : d : d-\- r. And by 
Compofition of Ratio's, /"-{- z ifi : 2 d-\- r 
: d\ but /"-J- z = r, by Step 2. hereof; and 
therefore r \f\ : 2 d-\- r ; d- 9 then multiplying 
the Extremes and Means together, we have 
dr = 2 df-\-fr\ dividing this Equation by 

2 d-\- r, there refults this Equation . , ■ 

=/=ef. ; 

7. Therefore in any Speculum, when r, or the 
Radius of it's Curvity, and d> or the Diflance 
of any Objedt in the Axis thereof, are known, 
then /, or the Diftance of the Focus F from 

the 
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Vertex E, will alfo be known, or given, for 
all Rays proceeding from the Point D, and 
; falling, on the Mirrour A E on either Side the 
Axi?* . • 

8. Thia Theorem is applicable to the Cafes 
of all Kind of Rays, reflected from all Sorts of 
Mfrraurs, whether Con vex^ Concave > or Plain \ 
and ia therefore the primary and fundamental 
Theorem of Catoptrics ; from which I fliall 
now deduce fuch particular Theorems as are 
fubfervient to the Solution of all the different 
Cafes that may arife from the threefold Variety 
ef Mirrours and Rays , incident upon them* 
And firft for : 

Convex Mirrours* 

9, Case L Of Diverging Rays. The 
Ray DA proceeding from a radiant Point D 
in the Axis D C, at an indefinite Diftance ffonv 
the Vertex of. the Mirrour E, gives the Di- 
fiance of the Fpcus F from the Vertex E, ac- 
cording to the fundamental Equation, which 
therefore Ifhallcall the firft Theorem^wtf. 

dr 

- •— —f. Theqrem 1. 

zd-\»r -""' \ 

*" dr rr- V 

io. If d = r* We have , = — = .- 

' 2 d-f-r. $r ^ 

=f. Theor. 2. 
s~ dr \mr r 

If d- \r y then - . . ' ■ t= -^r = 7 = /• 

zd-\-r 2r 4 

Theor. .3. 

' ' * If 
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dr I r r r 

If 4 — i r, then -r— - ■ — = - — = - 

;= /. Theor. 4. 

ar \p r r 

\id-\r, then — •— = = - 

2 a -f- r i r -J- r 6 

*=/ Thcpr. 5. 

From hence it is evident, that the Point D 
and F do both approach the Mirrour in a re- 
gular Manner, till at laft they coincide at it's 
Vertex, 

11. Case IL Of Parallel Rays. Fig. 6. 
If the radiant Point D be fuppofed to recede 
from the Mirrour E, to a vaft or infinite DU 
ftancc, the Rays DA, which comefronrit to 
the Mirrour, will be parallel to the Axis DC; 
or very nearly fo ; as is reprfcfented Fig. 6. 
In this Cafe, therefore, d or DA being i*fi~ 
nite y the Quantity r as being^/SSmYf, wiH vanifh 
out of the Equation : For no infinite Quantity 
can be made greater or Iefs> by the Addition 
or Subftra&ion of any finite Quantity how' 
great foever. Confequently the Equation 

dr dr r • ■ " 

— 7-7— .= . — f = - =/. Theor. 6. 
2d-¥r 2d 2 J - - 

12. Case HI. Of Converging Rays. 
As in Diverging Rays the Radiant D was al- 
ways pofifcd in the Axis of 'the Speculum, di- 
rectly before it's Vertex E, fb in Converging 
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I &<*ys> the incident Ray D A will tend towards 

: a Point on the Axis behind, or on the other 

f Side of the Vertex, as at d, in Fig. 7, 8, 9, io. 

And as the Diftance P E or d % in the former 
Cafe, had ap affirmative Sign, vifr-~\~di fo 
in this prefent Cafe, E d l)eing on the con- 
trary Part will have a contrary, that is, a ne- 
gative Sign, thus — d; fo that the fundamen- 
tal Theorem for Converging Rays will ilani 

— dr 
thus — " . ■ =/ 

13. I« $i$ T^eoreanfli, tl» Dividend being 
% Qfg&tWe Qjjai?tity t viz. — dr\ and the 
Dlyifof -rr2^4-r^ confining of 4 negative 

Part-rr%<4 w^ «p a#ra\ativ$ qw r\* r 5 it tt 
?vi4?nt, vfe* the negative Part «*««<*$ the 
iffirqutfufe &* QjjQtisnjt f wUI be stffe&ed 
with m *#r«Mjiv$ Sten, vw. t^/, a& before * 
btttif-rr.*4 be lcft.iwxi -j- r, (he Quotient 
wiU be active, viz. —/* tfeut is, the inci- 
dsttl Ray £> A wjll. be fe reflected as *> coiir 
v«g* tyVWd* a ?<wt /> in the Axis, befcre 
t|js;Mip:QU^ ¥ * 4*4 *? * Eoin* F> behind 
it in the other Cafes. 

14. This being prem&d, k is plain, the 
Theorem for Converging Rays will admit of - 
fyKi cor^&abfa Varieties, w 

If 2 i exceed, r, then. .. t .... = -4- £ 

«*».2 »,-p r 

Theor. 7. Fig. 7. f 
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•<- 1 . — dr *— r r 
If <f = *•, tiftii •••'•, ■ ' =s -_ 

— zd-\-r — «r-f-'' 

^^ = r = 4-/ Thcor. 8, fig. 8. 
— r 

«■ j u —J r —\rr 

If 2 <* = r, then - 



2i/-|-.r 

= 00/ "theor. 9. Fig. 9. 

— dr 
If 2 </ be Ids than r. = — f. 

Thcor. io. Fig. 10. 

Concave Mirrours* * 

1 5. 4 s fa Convex Mirrours the Radius C E 
lay oft the Right Hand of the Vertex E, and 
had an affirmative Sign, as + r ; fo in C!wi- 
riw Mirroarsj the Radiife C E lying on the 
other Side the Vertex E, or to the Left, muft 
have a negative Sign of C6iirfe f of Be repre- 
ifcntecf by — r ; and therefore the fundamen- 
tal Theorem for Concave Mirrours will become 

dr 



1 TI^Tr'* 
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16. Case I. Of Diverging Rays. 
The Theorem' is as above, and hath alio four 
Varieties, viz. 

If 2 d be lefi than r, then — : = -\-J> 

• - Za — r 

Theor. 11. Fig. 11. 

— dr — \rr 

If 2 d = r, then — ; = — = °°./ • 

zd — r 

Theor. 12. Fig. 12. 

— dr — rr 

\id~r, then — = — = — r 

zd — r zr-r-r 

= — . f. Theor. 13. Plate III. Fig. i ? 
If zd exceed r, then — — - = — /• 

2 a ■— r 
Theqr. 14. Fig. 2. 

17. Case II. Of Parallel Rays. 
In this Cafe, D A or d being infinite, the fi- 
nite' Quantity r will vanifti where it is found 

' . —dr 

by it felf } and the Theorem — - will 

J z d—r 

become — — = = — / Theor. 15. 

2 a 2 

Fig. 3. 

18. Case III. Of Converging Rays. 
Here again the incident Ray D A will have 

the 
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the Point of Convergfence i on the other Side 
of the Speculum-, and the Diftance EJ or d 
muft therefore have a negttiTCSi^<rte — i\ 
in this Cafe then, r and i being both ntgmtive % 

the TWm =±- wiD !«« _£_ 

2* — r — 2#— r 

= /. Theor. 16. And fiucc the Dmtfbr 

— zd — r is wholly n eg ati ve * the Q u o tient 

or Focus foe E/j will likewhe be always 

sttvc t or before the Mirnmr G £. 

19. If d — r % then ; = 

— 2«-«-r — $r 

= — /. Theor. 17. 



-3 

If<f=|r, then — ^-_ = J^l 

— 2*— r — ar 

= — f. Theor. 18. 

4 

If d—\r t then 



— 2J — r — fr 
= = — f. Theor. 19. 

If d—%r, then - 



-24/— r ir 

r 



= — / Theor. 20. 
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20. In Regard of Plain Mirroun^ or Look-* 
ing-Glflffes, thg Radius CE=rr is infinite $ 
for we may confider a fmatt Arch of Cirde der 
{frijtad \Yith a ?;<z/?/y gregt or infinite Radius > 
V % % J a J?4 ^efore tl?<? finite Quantity 

2^ vanishing, the Theorem — ^7- becomes 

d 4^ 



21. Case I. Of Diverging Rays, 

dr ' ' 

.The Theorem is — ?=</:=/. Theor. 21, 

r. 

Eg. 5- 

22. Case II. Qjf Parallel Rays, 

In this Cafe both d and r are infinite, ai^i 

therefore the fundf eiental Equation becomes 

d t 
ipfiaitfc. ia every Patt \ and — = d =/ infi- 

r 

nitc, Theor. 22. Fig, 6. 

23* Case III.- Qf Converging Rays, 

Here d or E </ being; the Negative, the E- 

— </> '*' 
quation is 5= -~dz=> r -rf* Theor. 23. 

Fig. 7. 

24. We 
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24. We have hitherto made Ufe of Acjum- 
daihentat Equaticn for findifig the Pbcus of all 
Sorts of Rays, incident on an y Kind of Mir- 
roars : Bat fometimes the Pocus s given, and 
either the Diftance of the Ofajed DE, or 
the Radius of Convexity or Gmeafify of the 
Mirrour CE is required for foroc partirnbr 
Purpofcs ; and for cither Cafe the £ud Equa- 
tion, dr = 2 df-\-fr C m &*?• 6.) * ^" 



25. For fbppofe the Radios CE = r, and 
the Focns EF ==/, were given to find the 
Diftance ED = </; we have from the laid 
Eqttffion dr — zdfzsz r/ 9 and therefore 

= ^ Thcor. 24, for a Convex JMer- 

r— 2/ 

rwr. 

26. For a Cmeave I/RHtur^ the Radios be~ 
ingNegati'x, or — r, &e Equation w31 be 

/r 
zdf-\- dr=.fri andfo it will be- ^-r— 
^ * ^ 2 f~T r 

= </. Thcor. 25. 

27. In die two kft Theorem*, Ac Focus 
is fhppofed to" be jffirmatroe, or behind the 
Mirrour ; but if we fiippofe it Negative, or 
on die fcme Side with the Radiant D, the 
Equation, for a Convex, will be Jr-^-zJ/z= 

—fr 
—fr, and — f— == ^ Thcor. 26. 

*• + */ 

B 4 28. F«r 
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28. For a Concave, the Equation will be 
zdf — dr,=fr-, (for here both / and r 

fr 

are Negative) therefore we have -— = d. 

zf—r 

Theor. 27. 

29. If the Diftance of aft Object ED = d, 
and the Focus E ==/* be given to find the 
Radius of the Convexity or Concavity EC =r; 
the original Equation */r = zdf-\*rf will' 
be for this Cafe dr — rfz=z 2 df\ and fo we 

have for a Convex "ii£= r. Theor. 28. 

30. For* the Radius of a Concave Mirrour, 
the Equation will befr-*-dr=:2dfi and 

2 J/ 
fo - — - = r. Theor, 29. 

3 1. But here again if we fuppofe the Focus 
Negative, or before the Mirrour, we fhall 
have for a Convex , dr-\-rf= — 2*//*; and 

• , ■ ■ = r. Theor. 10. 

32. And for a Concave, the Equation will 
be — </r — fr = — 2 J/j and — j-^ = r. 



Theor. 31. 



'■-/ 
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CHAP. IV. 

The Theory of Catoptrics conti- 
tinuedy for determining the mutual 
Proportion of the Objed and its 
Image. 



1. T e t D E be the Portion of a Convex 
JLi Mirrour> (as Fig. 8.) or of a Concave, 
(as Fig. 9. Plate 3.) C the Center, .V the Ver- 
tex ; O B an Objed:, and I M it's Image; it 
is required to find the Proportion between the 
Objed: and Image, or the Lines OB and IM. 

2. From the Center C let fall on the Ra- 
diant or Objed, the perpendicular C A ; and 
from the extreme Points of the Objects O, B, 
draw OCand BC, meeting the Mirrour in 
the Points D and E ; thefe (hall be the Axis 
in which will be the Focus's of Rays proceed- 
ing from the Points O and B. 

3. From O let a Ray O V pafs to the Ver- 
tex of the Mirrour, and make the Angle 
F V A = OVA, then (hail VF be the re- 
flected Ray, by Princip. 6. which tending to 
the Point I, in the Axis CO, (hall there re- 
prefent the Image of the Point O of the Ra- 
diant, by Princip. 10 and 11. Accordingly 
the Ray B V will be refleOed into VG, which 

interfering 
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interfeding the Axis CB in M, *will there 
reprefent the Image of the Point B in the 
Radiant. Consequently, all the Points be- 
tween O and B in the Object will be repre- 
fented between the Points I and M ? and 
therefore I M wil! be the Image of the Ra- 
dkftt or Ofcjttf OB. 

4. If we fafpaCe the Radiant B very 
fmall, or &t a great Diftance, the Arch or 
Portion of the Mirrour E D will alfo be very 
fmall, and not fenfibly different from a right 
Lfrre, and confeqaently will bepataflef to thd 
Radfiant BO, for C A is pefpendicalar t* betli 
B G and E D. Alfo fince the Diftances OD 9 
A V, and: B E, are very nearly eqaaf, as be- 
ing; very near each* other, it * is ptairt their 
focaf Bttfcmces D-f, Ya, ami' E M, wilt alio 
lie nearry equaf $ and therefore the Image IM 
wiff be wry nearly a Right Line y and farallet 
to the Radiant O B*$ and al/b' prpendicutdt 

5. The Angle OTA = AVT = aVl„ 
and the Angi'e BVA = AVC = dVM, from: 
the Nature of Reflection, Frincip. 6 : there- 
fore OVA -f B^VA = a VI — a V M } that 
is, the Angle O VB ! = iVM; that is, <Be 
Radiant B'O and it's Image I'M aYefeenjfonr 
the Vertex of ttie Speculum V uMet equal' 
Jthgfes. 

6: The Triangles AVO^nd^tf I are equi- 
angular and? fimhar,, for the Angle OV A '== 
<rV% and the- Angles at H and a, are right 

ones j 
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qbc* ; ?oaffqoc«lly V A ; V 4 ; : AO : * I. 
For the feme Rtafo VA : V* : : AB : *M i 
therefore VA: Va:: OA + AB: la -\-afA 
:;<XB:IM; that is, 1U Difiame of the 0** 
jeB is to the Dijtance (f ifs Image, from the 
Vertex V, as the Length of the ObfeS * the 
Length of the Image. 

j. Moreover, knee OA :1a: i AB: aM 9 
(for OA ;I*::AV: V*:: AB :*M;) 
therefore OA;A8:ItfuM; that is, 4 Tbe 
Radiant OB **/ ifs Image 1M, are cut in 
the fame Proportion by a Right Line CA, 
drawn from the Center perpendicular to each. 

S. From what has two premifcd, kkeafy 

to raife a Theorem, /* Jbew at what Diftance 

any Objeft ought to be placed to bear any given 

Proportion to ifs Image. Let the Objed: be O, 

h'$ Image I, and the given Proportion be as 

& : I; then (> : I : : dif (by the Sixth of 

Id 
this) qnd therefore,-— =/. But die fornk- 

dr 
ijjcntaj Theorem fop. the Fqow w — --y— 

14 dr 

== A confequcntly — - = — — — , and fb 

O 2d-\*r 

zddl -\tldr =zdrO y that is, 2dl-\-Tr 
== rO; and 2</I == Or — Ir; and'eonip- 
quemly for Convex Mi rr ours y the Theorem 
Or — Ir 

^i&be — —-~wd. Thoor. I* 

al 

9. In 



f 



28 Tie Theory of Catoptrics. 

9. For Concave Mirrours where r is nega- 
tive, or — r, the Equation will be 2 d I cts 

Ir — O r, and fo — = d. Thcor. 2. 

21 

.10. For a Plain Mirrour, or Looking-' 
Glafs, where r is infinite, the finite Part of 
the Equation 2 d I, will vanifli, or be O 5 and 
then Or — I r = O, and Or = I r, that is* 
= I. Theor. 3. 

11. If the Focus be required negative, or 
on the fame Side of the Glafs with the Ob- 
je<a ; the Equation will be for a Convex, (/"be- 
ing negative) 2 dl = — -Or— I r, and 

— Or — Ir 

< = </. Theor. 4. 

2I 

12. But for a Concave, where r and / are 
now both negative, the Equation will be 

Or-flr 

zld =0 r-]-Ir, and therefore ! 

2 1 

«= */. Theor. 5. 

13. We have hitherto confidered the Qb- 
je& and it's linage as Right Lines, which 
have zjimple Proportion to each other; but if 
the ObjeSl be a Superficies, or a Plane Figure, 
the Proportion between it and it's Image, will 
be duplicate of what it was before ; for as in 
Lines, it was O : I : : d : f\ in Superficies it 

will be O ; I : d % :f % y and hence —-- — ==/* 
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dr 

-, and fquaring each Side, we have 



zd^\-r 
I d % d % r % 



-_======= and I x2J4-r 1 =Oxf , ( 

O zd-\-r* 9 l 



O 



and therefore 2 </-[-r* = - x r% and put- 
ing- =^, and extracting the fquare Root 



we have 2^-[-r=;V^r*; and confequent- 

ly, d = illllZl. Theor. 6. 

2 

14. For a Concave Mirrour, where r is 
negative, d = v l r *~T r . Theor. 7. 

15. In the fame Nfanner, if the Objeft 

and Image are Solids y and confequcntly their 

Proportion triplicate, viz. O : I : : d* if * ; it 

is fhewn, that, for Convex Mirrours, ds=z 

l 

Vprt-o-r . Theon8. 

2 

16. Alfo, for Concave Mirrours, where it 

1 



is — r, we have d=z V —pr*-\-r % Theor. 20. 



2 

17. If the Diftance d, and the Proportion 

of the Object and Image O and I, be given 

the Radius r of the Convexity or Concavity 

of the Mirrour, for that Proportion is to be 

* had 



%& TfeTfiefry of G atop* ktcb. 

had from the fame Equation, viz. Ots=zzId 

t\d 
4?Ir : for Or— Ir s=s 2 1 </, and — — ==r. 
1 O— I 

Theor. 10. 

18. For the Radius of a Concave Speculum, 

zld 
the Equation islt-r-Orzzz 2I& and — — r 

I— O 

te K * Theor, n. 

19. If the Focus be required negative, or 
before the Mirrouf , the Equation for a Eon* 
vex will beOr-f-Ir£=— zld} and there- 

fore — - = r. Theor. 12* 

20. And for a Concave, the Equation is 

~ 2 1 */ !#,,'' 

Or-4~Ir==±s2l*/,and — * — =r. Theor. tv 

2i. Again, from the Equation O r == 2 I df 
-j - 1 r, when the Diftance of the Objed: d x 
and the Radius of the Mirrour r are known, 
the Proportion between the Oojedt and Image, 
wjs, O : I is alfo knowfi % fefr^ in Cafe of 2 
Convex^ O : I : : 2^-f-- r : r. Theor. 14. 

22. Anef for a C*neaw> tbfe Equation bfcing 
Or — 2 1 d =0 r, ws have 0:1:: r — 2 d : r. 

theor. 15. ' 

23, If the Fociis be negative, or — f 9 the 
Equation for* Convex will be 6 /• = *-*4ld 
~I>; arid fo, O : I : : — id — f: t. 
Theor. 16. 

24. For 



y 
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24. For a Concave Speculum, the Equation 
being Or = 2lrf — I r, we have O : I : : 
2 d — r : r. Theor. 17. 

25. Thefe are the principal Theorems in 
the ^theory of Catoptrits, and moft of them 
very cjiriow, *nd of great Ufe. I (bill cottr 
?lu4e this Theory with a very notable Obfer- 
vation, w*. Hat the mufical or barmonical pro- 
portion is the Grounds of this whole ^theory: or, 
tbdt the Center C, the FocufF, the Vertex of 
the Mirrour V, and the Radiant D, are har~ 
momcat Points y by which the Axis or Line C D, 
is harmonically divided in the Points D, B, F, C * 

fa that DO. D E : : F C : F E. 

26. For if we take it for granted, we Aiali 

have the following Analogy, DC (J-\~r)i 

P>E^:;FC(r^J^FE0>j and thare- 

fp&df~\rf*fz3?dr'~-df, andfo 2df^rf 

dr 
=z.dfr- 9 and ■ » y» =55 j£ which ia the Jama 

2,</-{-r 

as the firft fundamental Theory, Chap. EIL 

Art. 6, and this holds* equally in Concave as ia 

Convex Mirrours. This admirable Property 

of Mirrours in reflecting, the Light, was firft 

publiflied by Mr Ditton r ia N°. 295^ of the 

PbihfTranfaftions. 
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CHAP, V, 

Tie foregoing Theory o/" C at o p t tt ic s 
explained and illufirated^ by familiar 
Rules and Examples. 

* 

i.T SHALL here explain and illuftrate 
X the foregoing Theorems in Words at 
Length, and give an Example, in all the prin- 
cipal ones, in Numbers, (hewing the Diftancc 
6f the Focal Point y real or virtual/ of ajl. Sorts 
of Rays, refle&ed from all Sorts of Mirrours. 

2. I fhall likewife. (hew how every thing 
happens, by Schemes, as large as the Life j 
and therefore, in Plate IV, I have given throe 
Schemes of Rays falling on a Convex Mir- 
rour, where you are to obferve, that A B is the 
Mir four $ C E the Radius thereof 1 1 Inch j 
E the Vertex or middle Point thereof; D the 
radiant Point ; and F the Focus to which the 
Rays tend after Reflexion. 

3 . Note, the black Lines in thefe Schemes 
denote ■ the Rays of the Sun's Light, as they 
are feen to go-fo and from the Mirrour in a 
darkened' Chamber ; and the dotted Lines de- 
note only the Courfe or Tendency of the re- 
ffcdted Rfcy§i were they not intercepted by the 
Mirrour. 

4. In 



i 
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4. In the following Examples, I {hall fup« 
pQfe an Inch divided into Ten equal Parts, 
which Parts are exprefled by the Numbefrs I 
fhall there ufe> every 10 of which will there- 
fore exprefs the Length of an Inch, and the 
Remainders will be the tenth Parts of an Inch. 

For Convex Mirrours. Plate IV, 

5. Case L For Diverging Rays> Scheme 1. 
Let there be given D E, the Diftance of the 
radiant Point from the Mirrour, and C E, the 
Radius of Convexity, to determine the Di- 
ftance of the Focus F E., 

RULE. 

* » * 

. , . • 

Multiply the Diftance arid Radius together, 
divide that Produdt by the Sum of the Radius 
added' to twice the Diftance, the Quotient 
will be the Diftance of the Focus required. 
(per Theor. 1. Chap. III.) 

EXAMPLE, 

' . fCE=i$, and CE= 15 
ljCt IDE = 30, 2 DE = 60 

Produce 450 j Sum y.$ * 

then 7.5) 45° (. 6 = p E 



• • % 



So 
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So that in this Cafe, the Focus F of the re- 
flected Rays G H, will be 6 Tenths of an 
Inch behind the Vertex E. 

6. If the Diftance D E be equal to the Ra- 
dius CE, the Diftance of the Focus E F will 
be i of the Radius CE, per Theor. 2. If 
DE be i, i, or i of CE, then fhall EF be 
i, f , or $ of C E, till at feft the Radiant D, 
and Focus F, both coincide in the Vertex of 
the Mirrour E. See Theor. 3, 4, 5. 

* 

7. Case II. For Parallel Rays, Scheme 2. 
When Rays fall parallel upon a Convex Mir- 
rour, they are reflected in fuch a Manner, as 
to have their focal Diftance FE juft equal to 
half the Radius CE; that is, EF = CF, 
per -Theor. 6. Thus, for Examp^ if C E 
be 1 5, then will F E be 7 i Tenths of an 
Inch. 

8. Case III. For Converging Rays, Scheme 
III. In this Cafe, if the Diftance of the ra- 
diant Point (which here is virtual, or behind 
the Mirrour) and the Radius be given, the 
Rule for finding the Diftance of the Focus is 
thus. 

RULE. 

Multiply the given Diftance and Radius to- \ 
gether, and divide that Produdt by the Diffe- 
rence between the Diftance doubled and the 

•Radius $ 
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Radius ; the Quotient is the Diftance of the 
Focus required, per. Theor. 7. 



Note, if x the double Diftance of the Ra- 
diant exceed the Radius, the Focus will be be- 
hind the Glafsj if it be lefs than the Radius 
the Focus will be before the Glafs. 

9. If the Diftance be equal to the Radius, 
the focal Diftance will alio be equal to the 
Radius ; that is, thofe Rays which converge 
towards the Center C of the Mirrour, will 
be reflected back again upon themfelves, per 
Theor. 8. 

10. If the double Diftance of the Radiant 
be equal to the Radius* or the laid Diftance be 
equal to half the Radius, then will the focal 
Diftance be infinite > that is, Rays converging 
to a Point in the Axis equally diftant from the 
Center C, and Vertex E, will be reflected pa- 
rallel to each other ; per Theor, 9. 

1 1. Let the double Diftance of the Radiant 
be lefs than half the Radius ; for Example, 

t «» J ^ E = 15, and CE = 15, 
Lct I .rfg-j, 2</E= k^ 

ftoduft 75; Diff. ^5; 

^5)75(15 = E/ 

75 
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Here becaufe 2 d E is lefs than C E, the Fo- 
cus f will be before the Mirrour A B $ and 
fince */E is i of CE, the focai Diftance E/ 
is 'equal to the Radius CE. See Scheme 3. 

12. From hence, and a due Confideration 
of the Properties of the fir ft and third Cafes, 
it is plain they are converfive by the fame ; 
the incident Rays, Radiant and Focus in one 
being but the reflected Rays, Focus and Ra- 
diant in the other. 

T 

For Concave Mirrours. Plate V. 

13. Case I. For Diverging Rays, Scheme r. 
Having given the Diftance of the Radiant DE, 
and Radius C E, the focal Diftance is found 
by the fame Rule as in the third Cafe of a 
Convex. Only here obferve, that if the double 
Diftance of the Radiant be lefs than the Ra- 
dius, the Focus will be behind the Mirrour ; 
if greater, it will be before it. 

EXAMPLE. 

Let DE = 30, and 2 DE = 6o, 
CE=25 1 CE=j[5 1 

. Product 450 ; Diff. 455 

then 45) 450(10 = FE. 
45° 
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That is, the Focus F is i Inch before the 
Mirrour A B. 

1 4. If the Diftance of the Radiant D E be 
equal to the Radius C E, then will the focal 
Diftance be equal to the Radius alfo, per 
Theorem 13. That is, if an Object be placed 
in the Center of a Concave Speculum, the 
Image will be reflected upon, the Object, or 
they will feem to meet and embrace each 
other in the Center; which agreeable Phe- 
nomenon is eafily tried by any Mirrour of 
this Sort. 

15. If 2DE =CE, that is, if the Di- 
ftance of the Radiant be equal to half the 
Radius, it's Image will be refle&ed to an in- 
finite Diftance ; for the refle&ed Rays will be 
parallel, per Theor. 12. Hence, if a lumi- 
nous Body be placed at the Diftance of half 
the Radius from a Concave, it will enlighten 
Places diredtly before it at the greateft Di- 
fiances. And hence appears their Ufe when 
placed behind a Candle in a Lanthern, and in 
feveral other like Cafes. 

16. Case II. For Parallel Rays, Scheme 2. 
In this Cafe the focal Diftance F E is always 
equal to half the Radius C E, and before the 
Mirrour AB * per Theor. 15. And fince the 
Sun-Beams -are parallel among themielves, if 
they are received on a Concave Mirrour, they 
will all be reflected to that Point, and there burn 

C3 , ia 
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in proportion to the Quantity of Rays colle&ed 
by the Mirrour. 

17. Case III. For C&nverging Rsys> 
Scheme 3 . The Rule for finding the Focus 
from the Diftance of the Radiant Point, and 
the Radius given, is here the fame as in the 
firft Cafe of the Convex ; only as there the 
Focus F was always behind the Mirrour, here 
it is ever before it. 

E X AM PLE. 

ket JE.^=z 15, and 2<?E = 3o, 
CE=i 5 , CE±=i5, 

Product 225 ; Sum 45 1 

then 45) 225 (5 ==FE 
225 



* • * 



■ 

18. If </E be equal to CE, or S CE, or 
j C E, or i C E, &c. then (hall the focal Di- 
ftance FE be equal to *CE, i CE, \ CE, 
or i CE, &c. As per Theor. 17, 1 8, 19, 20. 

10. From what has been hitherto iaid of 
the Properties of thefe Mhrrours, and from a 
View of' the Schemes, it is plain the Cafes of 
1 Concave, are but the Rever/e of thofe of a. 
Convex in an in verfe Order. And it is more-* 
over to be obferved, that in all thofe Cafes the 
jftott, and Radiant Point mutually refpect 

Bch, 
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each other, and may be interchangeably taken 
ode for another 5 that is, in any Cafe, if we 
take F for the Radiant Point, then will D be 
the Focus of the reflected Rays. ■ 

For Plain Mirrours. Plate VI. 

20. Case I. Of Diverging Rays, Scheme 1. 
In thefe Mirrours there is no Radius to be 
confidered, and the Diftance of the Radiant 
Point D being given, the focal Diftance is 
alfo given, as being equal thereto, per Thcor. 
2i. That is, if D be the Point whence Rays 
proceed, diverging to the Mirrour A B, they 
will be fo reflected towards G H, as if pro- 
ceeded from the Point F, which Point or 
Focus F, will always be jufl: as far behind 
the Mirrour AB, as the Point D is before it, 
and alio on the fame Side with it. And this 
is the known Property of a Plain Mirrour or 
Looking-Glafs. 

21. Case II. Of Parallel Rays ; Scheme 2. 
, If Parallel Rays fall on a plain Mirrour, they 
are reflected parallel -, and as the Radiant Point 
D is infinitely diftant, £0 alfo is the Focus F, 
j>er Theor. 22. Hence the Sun being viewed 
by Reflection in a Looking-Glafs > appears as 
vaftly diftant behind the Glafs, as he really is 
before it. 

C 4 22. CASB 
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26. Both thefe Rules regard the Focus be* 
hind the Mirrour, if it be before the Mirrour, 
the Problem will be impoffible for a Convex 
Speculum, per Theor. 26, * And for a Con- 
cave, the Rule is this. 

R UL E. 

From twice the focalDiftance take the Ra- 
dius, and with the Remainder divide the Pro- 
dud: of the focal Diftance into the Radius, 
the Quotient will be the Diftance of the Ra- 
diant Point, per Theor. 3a. 

27. If the Diftance of the Radiant and the 
Focus be given, we may find the Radius of 
the Convex Mirrour by this 

R U L E. 

From the Diftance of the Radiant take the 
. focal Diftance, and with the Remainder di- 
vide twice the Product of the focal Diftance 
into the Diftance of the Radiant; the Quo- 
tient is the Radius ef the Convexity required, 
per Theor. 28, 

28. The Rule for finding the Radius of 
Concavity is this ; 



RULE. 
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RULE. 

From the focal Diftance take die Diftance 
of the Radiant, and with the Remainder di- 
vide twice the Product of thofe Diftances into 
each other ; the Quotient will be the Radius 
of Concavity fought, per Theor. 29. 

1, 

29. If the given Focus be before the Mir- 
four, the thing is impoffible for a Convex, /ter 

. Theor. 30 ; but is ever poflible for a Concave, 
and is found by this 

RULE. 

With the Sum of the Diftances of Focus 
and Radiant, divide the double Product of 
thofe Diftances; the Quotient is the Radius 
of Concavity, per Theor. 3 1 . 

* 

30. I prefame it is needlefe to give either 
Examples or Schemes for the Illuftration of 
thefe Rules, if thofe for finding the Focus be 
c well underftood. I (haft therefore proceed to 
the Rules for determining the Diftances necef- 

.iary for any given Proportion of the Objedt 
and Image, in the next Chapter. 
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\e Rules for determining the Di~ 
! flame of an Obje&, that Jball bear 
any ajftgned Proportion to iis Image* 

[i. TTTE have now done with Radiant 
j_ V V P*ttts 9 * n d are come to treat of 
ines, Superficies, and Solids, as they appear 
y Reflection from all Sorts of Mirrours ; 
dfirft, 

Of C on v ex M i r r our s. Plate VIL 

k 

2. Let OB be an Object placed before a 
Convex Mirrour F G, whole Center is C, and 

iius C E 5 the Image of the Object will be 
M, as is evident from what has been taught 
Chap. IV. Art. i, 2, 3. • 

3. Now to find at what Diftance the Ob~ 
O B ought to be placed, that it may bear 

my affigned Proportion to the Image I M, 
: have this Rule for Lines. 

RULE. 

From the Length of the Gbje& take the 
[Length of the Image, multiply the Remainder 

hy 
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RULE. 

« * 

Divide the Objed by the Image, multiply 
that Quotient by the Square of Radius ; then 
from the fquare Root of that Produdt take the 
Radius, half the Remainder is the Diftance 
fought, per Theor. 6. Ghap. IV. 

EXAMPLE. 

V 

Let the Radius be 20, and the given Pro- 
portion of the Object to the Image, be as 25 
to 1. Here 

The Objedt divided by the Image is 25 
Multiply by the Square of Radius 400 

Extradt the fquare Root — — ioooo( 100 

the fquare Root 
Subftrad: the Radius — — — — ■ 20 

The Remainder — — — — 80 



The half thereof is — — — -—40 
the Diftance of the Objedt as required. 

5. The Rule is the fame for a Solid, as for 
a Superficies, if inftead of Square, and Square 
Root, we ufe the Cube and Cube Root, as per 
Theor. 8. 

EXAMPLE, 

Let the Radius be 20, and the Propor- 
tion of the Object to the Image be that 

of 
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of 125 to 1; to find the Diftance of the Ob- 
jed in that Cafe. 

The Objea divided V 

by the Image is 3 . la S 

Multiplied by the 1 « ^ 

Cube of Radius J 800 ° 



mm 



Extract the Cube 1 ioooooo (ioo Cube 
Root of Prod. J (Root 

Subftraft Radius — *— — 20 



The Remainder — — • — 80 

Half thereof is — — — — 40, the Di- 
ftance of the Objefi: required. 

6. Thus it appears that an Objed placed 
4 Inches before a Convex Mirrour, of 2 Inches 
Radius, will 

f A Line Ibe in Proper- 1$ to 1 

If it be < A Superficies > don to it's > 25 to t 
(A Solid J Image as j 125 to 1 

That is, the Diminutions of fuch Objedts are 
in the Simple Square, and Cubic Proportions, 
at equal Diftances from the Mirrour, as they 
ought to be by the Rules of Geometry, which 
iikewife proves the Truth of the Rules here 
laid down. 

7. From the 4th Theorem it is evident it 
is impoffible to form an Image of any Objedt 
before a Convex Mirrour. 

8. Alio it is impoffible to magnify an Ob- 
ject by a Convex Mirrour, becaufe the Image 

being 
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g greater than the Objeft, cannot be taken 

1 it, as the Rule above (in Art. 3.) 

lires. Nor can the Image be ever equal 

the Objed, but when they both meet or 

ncide in the Vertex of the Mirrour. 

9. It is evident likewife, if the Objedt be 

rge in refpedt of the Mirrour, that it's Image 

ill not be ftrait or pkin, but curved, yet not 

ircular .or concentric with the Mirrour by 

vhat has been taught in Chap. IV. 

10. Again, the Image formed by a Convex 
Mirrour will be ereff, as is eafily understood 

•om Chap. IV, and is evident from the 
Scheme of this Plate. 

Concave Mikrours. Plate VIII. 

Let the Radius be 20, and the Proportion 
of the Objctt to the Image be as 1 to 5, to 
find at what Diftance the Objcft muft be 
placed y this is the 

I RULE. 

From the Image fubftrad: the Objed, and 
multiply the Remainder by Radius ; divide 
that Praduft by twice the Image, the Quo- 
tient will be the Diftance of the Objeft fought, 
per Theor. 2. 
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/ 

RULE. 

1 

To the Objed: add the Image, and multi- 
ply that Sum by the Radius, divide this Pro- 
dud by twice the Image, the Quotient will 
be the Diftance of the Objedt, per.. Theor. 5. 

■ 

According to this Rule, any Object may, in 
J this Cafe, be magnified or diminished in any 
Proportion we pleafe. 

EXAMPLE. 

Let the Radius be 20, and the Proportion 
of the Objedt to the Image be as 5 to 1, to 

find the Diftance of the Objeft. See Plate IX. 

* '•*.■* 

To the Obje<3 ■ — OB =2 5, - 
Add the Image — I M = 1^ 

The Sum is • — — — 6 ; % 
# Multiply by Radius CE = 20, 

The Product is — — — 120 ; . 

Then 2 1 M = 2) 1 20 (60 = A E, the Di- 
ftance of the Objedt O B required, viz. Six 
Inches. 

14. But if I M be fuppofed the Object, 
[ then will OB be the Image, 5 Times larger 
( than it ; and the Diftance a E will be found 
\ 12, or one Inch and two Tenths. 

D. 15. K 
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15. If the Objeft and Image are defired 
equal, the Objeft muft be placed in C, the 
very Center of the Mirrour; this is eafily ' 
underftood from the Rules, and is'vifible by 
Experiment, and is, by the Way, a good 
Expedient for finding the Center of the Con- 
cavity of a Mirrour. 

1 6, The Image will here alio be curved* 
and it will be now inverted, becaufe the Rays 
crofa each other in the Center, and form it on 
the other Side 5 the Reafon is plain- m the 
Scheme, * and from what has been taught in 
Chap. IV. of the Theory. 

17* It will now be no difficult thing to un- 
derftand how Concave Mirrours make fuch 
excellent Burning-Glaffes. For fuppofe the 
Radius of Concavity be 2 Feet, or 24 Inches, 
and the Diameter of the Mirrour 12 Inches. 
It has been {hewn, that the Image of the Sua 
would be formed by this Mirrour at the Di- 
flance of h the Radius, or I z Inches from the 
Vertex. See Chap. V. Art. 1 6. Alfa the 
Image being feen under thtf iarae Anele, as 
the Qbjeft from the Vertex of the Mirrour 
(per Chap. IV. Art. c.) will there fobtend an. 
Angle of only 32 Minutes. The Diameter 
therefore of this Image, by the Rules of Tri- 
gonometry, will be found about . 1 Tenth of 
an Inch, and the Diameter of the Mirrour be- 
ing 12 Inches, the Squares of thefci Diameters 
will be as 1 to 14400 j and confequcntly the 
Denfity of the Sun's Rays in this Image 
• (where 



r~ jrs 
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* • 

(where they are all colleded) will be to their 
Denfity on the Surface of the Glafe, as 14400 
to 1, and their Heat will be in Proportion. 
That is, the Heat of the Sun's Ray, in the 
Focus of iuch a Glafs, will be fourteen thou- 
fand and four 'hundred Times greater than be- 
fore ; and therefore muft needs burn very fu^ 
rioufly, and produce very great Effects. 

Plain Mirrour s, Plate X. 

18. In Pkin Mirrours, or Looking-Glafes, . 
the Image I M will always be equal to the Ob- 
ject O B, at what Diftance foever it be placed, 
per Theon 3. It will alfo be ereSi, and as far 
behind the Glafs as the Objedt is before, as 
hath been already (hewn, Chap, V. Aft. 20. 

1 9. Hence their excellent Ufe in reprefent- 
ing Objefts every Way like the Life \ but this 
is too common to be in lifted upon. I fhall 
only juft obferve, that the Mirrour being but 
at half the Diftance of the Image, will com- 
pleatly receive an Image of twice it's own 
Length \ and therefore a Man of 6 Foot height 
may view himfelf entirely in a Looking- 
Glafs of 3 Feet Length, and half his own 
Breadth. 

20* If the Proportion of the Objedfc and 
Image be given, and the Diftance of the Ob- 
jeft from the Mirrour, the Radius of the Con- 
vexity may be found for that Purpofe by this 
Rule. 

Da RULE. 
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RULE. 

Multiply twice the Diftance of the Obje& 
by the Image, divide that Product by the Dif- 
ference between the Objedt and Image, the 
Quotient is the Radius % of the Mirrour, per 
Theor. 10. 

Note, the Focus is here behind the Glafs, 
and it is impoflible to have it before, per 
Theor. 12. 

21. The fame things given, the Radius of 
Concavity is found by this 

RULE. 

Multiply twice the Diftance by the Image, 
and divide that Product by the Difference be- 
tween the Image ^and Object, the Quotient is 
the Radius required, per Theor. n. 

The Focus here being behind the Mirrour, 
the Image will be greateft. But if the Focus 
be required before the Glafs, the fame Rule 
finds the Radius, if, inftead of the Difference* 
you take the Sum of the Objedt and Image, 
pier Theor. 13. 

22. In the laft place, if the Radius of the 
Mirrour, and the Diftance of the Objeft be 
given, then may the Proportion between the 
Object and Image be found for a Convex, by 
this 

ANALOGY, 
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ANALOGY. 

As twice the Diftance added to the Radius, 
is to the Radius ; 

So is the Objedt to the Image, per Theor. 14. 

23. For a Concave, the Proportion will be 
found by this 

ANALOGY. 

As the Radius leffened by twice the Di- 
ftance, is to the Radius ; 

So is the Object to the Image, per Theor. 15. 

24. If the Focus be rtquired before the 

Glafs, the Analogy is this. 

1 

ANALOGY. 

• As twice the Diftance, leflened by Radius, 
is to the Radius ; 

So is the Objed to the Image, per Theor. iy. 

25. 1 fhall exemplify this laft Cafe of a Con- 
cave Mirrour, as being the moft frequent and 
curious. 

Let the Radius be 20, and the Diftance of 
an Objedfc from the Mirrour be 130 ; then 
twice 130 is 260, from* which take Radius 
20, there will remain 240 ; then (hall the 
Object be to the Image as 240 to 20, or as 
«- D 3 12 
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CHAP. I. 

The Theory of Dioptrics. 

i.TN Plate XI, Fig, i. Let LNreprefcnt 
J[ a convex Lens, D f it's Axis, D a Ra- 
diant Point therein, D A a Ray proceeding 
from thence to A, a Point in the Surface 
LBN, C is the Center of the Convexity of 
that Surface, CG being drawn through the 
Point A, is a perpendicular to that Surface in 
the Point A. C A or CB is the Radius, Af 
is the refra&ed Ray, and f the Point where 
it meets the Axis after the firft Refradtion. 

2. Let DB = d, CA = r, EB = t, the 
Thicknefs of the Lens ; and let the Sine of 
the Angle of Incidence D A G be called I, 
and the Sine of the Angle of Refra&ion CAf, 
or G A H, be called R. 

3. Now fince the Point A is fuppofed to 
be very near to the Vertex B, D A may be 
efteemed equal to D B = d, by frincip. 4 ; 
and in the Triangle CAD, we {hall have A D 
to AC, as the Angle C to the Angle D, per, 
Princip. 1. Tliat is, d : r : ; C : D. 

4. Alfo 



/ • • 
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4. Alfb DB-f-BC = d-f r, will be as 
the oppofite Angle CAD or DAG, for the 
Sine of both is the fame. 

5. Then as I : R : t d + r : — r-J , 

which will be as the Angle C A f ; this taken 
from the Angle A C D = d, leaves the Angle 

dl — r R — dR 

AfD=- . 

6. Laftly, As the Angle f : D : : A D or 

„ r , , . dl — rR^-dR 
DB : Af or Bf; that is, as : — 

rdl 

: : <* : t — = Bf, the Di- 

dl — rR — dR 

fiance of the Point f, in the Axis after the 
firft Refledion. 

7., But fince there is a fecond Surface LEN 
of the Lens, there muft neceffarily be a fecond 
Refra&ion of the Ray A D, to fome other 
Point in the Axis, as F ; fee Fig. 2. Let K 
be the Center of this fecond Surface, and K I 
a perpendicular thereto in the Point a, from 
whence the faid Ray is refradted to F. In 
this Cafe, the Refraftion being out of a denfe 
into a rarer Medium, the Sine of Incidence will 
be to that of Refra&ion, the reverfe of what 
it was before, viz. as R to I ; that is, the Sine 
of Iaf is to the Sine of la F, as R to I. 

8. Here let Ka be called r, Ef = d; and 
then will be, as d : r : : K : £ And E f -{- 

EK 



I 
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E K = d -J- r ; and this will be as the Angle 
faK, or it's Complement I afj therefore R: 

I:: ^+ r: — j£ — , which will exprefc 
the Angle I a F. 

9. Then IaF— aKF = </I ~fr" rI — < / 

R 

dl-\-rl — dR 

! == R = aKF. Now as F : 

! K : : Ka or KB:aF or EF; that is, as 
j. dl-j-rl — dR RJ r 

R dl+rl — dR 

! =EF. 

j jo. But Bf — BE = dfI 



1 



„ dl— rR— dR 
— t = ^=Ef, ptr Art. 6. 

1 1. Therefore, putting I — R = O, wefhall 

have</= -±1 t ^ ^I~dOt+rRt 

dO— rR dO— rR * 

Air jt» drIRr— dotRr-f-rtRRr 

12. Alio dRr — ! 

dO— rR 

13. Again </I4-rI — </R = do^-rI; 
if then we multiply the Equation, Art. 11. by 
O, and add thereto rl } we (hall have dl-\-rl 

, drlo — doto + rRto+dorl 

do— rR 
— rRIr 

14. Then 
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JRr 

14. Then -— — ; — — = 

</I-frI — iR 

drIRr — dotRr-prtRRr 

drlo— doto-4-rRto4 - d°''I" ,, " r R-l r 
= EF. ' 

15. This laft Equation may be abridged, by 

R R 

fubftituting p for — , that is, for - — -, then 

„ „ . *drlr — 0dotr-4-rtRr0 

fhall we have -£-- ; — , „ , ' ' . 7- 

drl— dot-f-rRt-4-drI — ptlr 

= EF. 

16. Laftly, if now we take R=^0, in 
/ d o t r ; and I — R = O in dot; this E- 
quation will be finally reduced to this funda- 
mental Equation for all Dioptrics, viz. 

pdrrl — dtrR-j-rtr^R 



drl — dtl-j-dtR-J-rtR-j-drl— -^rrl 
= EF=/. 

17. The Ratio of I to R being in Glafe as 

3 to 2, we (hall have i = .—, = z 

I— R 3 — 2 

= fj for a Glafs Lens. 

. « 

18. In Water, the Ratio of I to R being as 

4 to 3, we {hall have/> = 3 j and in Diamond, 

the 



I 
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the Ratio being as 5 to 2, p will be = f. 
Wherefore, if inftead of p, I, and R, we 
write their Value in Numbers in the forego- 
ing Equation, it will then be fuited for a Lens 
of Glafs, Water, or Diamond. But I (hall 
only regard that of Glafs, for which it will 

^ , t 6drr — 2dtr-+4trr 

itand thus 5 vtz. — — ; ; - — ^ - — 

3dr-f-3dr— dt-j-^rt— orr 

i 

1 9. We (hall now adapt this Theorem ito 
the Cafe of [a Glafs Globe, Glafs Hemijpberes, 
and all Sorts of Glafs Lenfes, for all Kind of 
Rays, as follows. 

For A Globe. 

20. Case I. Diverging. Rays, Fig, 3. Here 
r = r, and t = 2 r ; that is, both the Ra- 
dius's being equal, and t the Thicknefs being 
equal to twice the Radius ; the Equation 
in Art 18. will be reduced to this Form 

dr^/irr n _ 

— - — =/. Theor. 1. 

2d — r 

21. Case II. Of Parallel Rays, Fig. 4. 
In this Cafe d being infinite, the Parts or the 
Equation will vanifh where it is not found . 

, dr r 
confequently it will be — - = - = f Theor. 2. 

2d 2 

22. Case 
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22. Case HI. Of Converging Rays, Fig. $. 
Here d being negative, or — d, the Equation 

will be X5_ =/ Theor. 3. 

— 2fl— r 

For an Hemisphe re. 

23. Case I. Of Diverging Rays, Fig. 6. 
If the convex Part be towards the Radiant 
Point D, then will the Radius r be infinite, 
and t = r; and the Equation will become 

— 4dr-f-4rr 

; — ^— = f. Theor. 4. 

3d — 6r J T 

24. Case II. Of Parallel Rays, Fig. 7. 

a. d r 

Here d being infinite, we (hall have 



3d 



-r=/I theor. 5. 



25. Case III. Of Converging Rays, Fig* 8. 
Here d being negative, or — d, the Equatkjn 

— Ad r -4- 4.x r 
will be -^ — X±_ .=/ Theor. 6. 
— 3 d — 6r 

26. If the plain Part of the Hemifphere be 
expofed to the Radiant, there will be for 

Case 
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C A s e I. Of Diverging Rays, Fig. 9. 

: , , ' ^ — = /; Theor. 7, 1 

3d — 4r 

I 

j 27. C a s e II. Of Parallel Rays, Fig. 10. 

<■ = - r = 2r =/ Theor. 8. 



3 d - 3 

28. Case III. Of Diverging Rays, Fig- 1 1. 

— 6dr-4-Arr 

1 ^ ==/. Theor. 9. 



— 3d— 4* 

29. Note, if from the focal Diftance 2 r 
in Art. 27, we take J r in Art 24, there will 
remain f r, which will be the Difference ia 
turning the Convex and plain Sides of the 
Hemifphere towards the Sun-Beams. 

For Double Convex Lenses. 

30. If the Lens be convex on both Sides, 
angl the Radii of the Convexities unequal, and 
the Thicknefs confidered, we fiiall have for 

Case I. Of Diverging Rays, the fun- 
damental Equation it felf, viz. 

6dr,-,dtH-4»r ^ 

3dr-{-3dr^-dt*-t-2ft— -6rr 

10. 

31. Case 



i 
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3 1. Case II. Of Parallel Rays, where d is 

. . 6drr — 2dtr 6rr— 2tr 

infinite, -- — T = ■ 

3dr-{-3dr — dt 3 r ~r3 r — t 

=f. Theor. 11. 

32. For Converging Rays, where d is 
negative, or — d$ we have . 

— - 6drr-J-2dtr-]-4trr _ 

r -3dr — 3dr -f- dt-^ - ^ rt — 6rr 
Theor. 12. 

33. If the fflicknefs of the Lens be neg- 
lected, as inconfiderable, which it vety well 
may, and always is in common Ufe ; then all 
thofe Parts of the Equation where t is found 
will vanifh, and it will become for 

Case I. Of Diverging Rays, Fig. 12* 

2drr ' ■ 

=y. Theor. 13. 



dr-J-dr — 2rr 



34. Case II. For Parallel Rays, Fig. 13. 

2drr 2rr 

=/. Theor. 14. 



dr-}-dr r-\-r 



35. Case III. For Converging Rays,Fi%. 14, 

2drr 

=:/. Theor. 15, 



d-r-J-'dr^j-arr 

36. if 



I ' 



* > 



! Radiant, * 
' be For ! 



? ^e^^; 
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Case I. Of IttwyrVy R ay s t Fig." 18^ 
Qdr --.2dt4 -4tr 

3 d — 6 r~~"~ ^ Thcor - x 9- 



E 



40. Case 



-4 

1 



1 



dUTK 



H 



i;i , 



: 
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35- Case III. For Converging Rays , Fig. 14, 



36. If 
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\ 

56, If the Radii of the Convexities are 
equal, that is, r=r, and the Thicknefc of 
the Lens, or t *, be neglected j then will the 
Equatipn be very fimple, viz. 

Case I. For diverging Rays, Fig. 4 15. 
Bate XII. 7-^- ==:/ Theor. 16. 



37. Case II. For Parallel Rays, Fig. 16. 
— - = r =/. Theor. 17. 



3 1. Case IJL For Converging Rays, 

dr 
Fi & *7- T-r*/' Theor. 18. 

For a Piano-Convex Lens. 



♦. 



39. If the Convex Surface be cxpofed to the 
Radiant, r being infinite, the Equation will 

be for 

I ■ 

1 Case I. Of Diverging Rays, Fig. 18. 

6dr-. 2 dt+ 4 tr 

-i-—z=j. ineor, 19. 



3d — 6r 



E 40. Case 



ji 
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» 

49. C^,sb II. T?Qt^ar*M Rays % Fig. 19. 

6r— at '>•-,. 

— =*2f — f-t^sf, Theor. 20*. 



•MM* 



41. Case III. For Converging Rays, 

— 6 d r *4^ 2 d t -4- ± t r 

Fig. 20. \ , /^ =/ Theor. 

— a d — (yt J 

21. 

42. If the Thicknefs of the Lens t be neg- 
ledted, as is ufual, the Theorems will be more 

concife, viz. 

2dr 

Case I. For Diverging Rays, > - ~ = f m 

d — 2r 

Theor. 22. 

o A r 

Case II. ¥ or Parallel Rays, — \— zr 
szzf. Theor. 23. 

2 d r 
Case III. For Converging Rays, — 



d-{-2r 
==jC Theor. 24. 

43. If the plain Surface be turned to the 
Radiant, in which Cafe r will be infinite, we 
fhall haye 

Case 
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Case I. For Diverging Ray$ t Fig, zu 

6dr-j-4tr 

7T77: T~ ss / t Theor. 2c. 

3d-j-2t — or J 

44' Case II. For Parallel Rays, Fig. 22. 

~-j s=s 2 r ==/ Theor. 26. 
3d 

45. Case III. For Converging Rays, Fig. 23 « 

— -6d-f-4tr 

=*/. Theor* 27. 



^■MM^ 



r~3d4-2t — 6r 

46. IF the Thicknefi, or t, be neglected, 
We /hall have 

Case L For Diverging Rays, 2^/ 

d-*-2r 

Theor. 28. 

2 dr 

C a s e II* For Parallel Rays, — *. =sr 2 r 

d 

4=^ Theor* 29. 

2dr 



Case III. For Converging Rays, 



*» 



d-j-2r 
tss/ Theor* jot 

47. From the Theorems in, Art. 40 and 44, 
k appears, that the focal Diftance is greater 

E 2 ty 



r 
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by f t, when the plain Side of the Lens is 
turned towards that of the Sun Beams, than 
when the convex Side is. 

For Concave Lenses. 

48. If it be a double Concave, whofe Ra- 
dii of Concavities are unequal, and the Thick- 
nefs confidered ; each Radius having, in this 
Cafe, a negative Sign, the Equation will be 
for 

Case I. Of Diverging Rays, 
6drr-^2dtr-f-4trr 

— 3dr — 3dr — dt— 2rt — 6rr 
Theor. 31. 

^ *r a/.« lfm 6rr4-2tr 
49.CASE II. Of ParalklRays, ! 

zszf. Theor. 32. 

50. Case III. Of Converging Rays, 

— 6drr — 2dtr4-4trr 

■ ' — = fl Theor. 33* 

3dr-j-3dr-|-dt — 2rt — orr < . J 

51. If the Thicknefs of the Lens, or t, 
be negleded, which in Concaves is moft in- 
con fider able ; the Theorems will be much 
fhortened, and ftand thus j 

Case \ 



1 

1 



1 
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Case I. For Diverging Roys, Fig. 24* 

=/ Thcor. 34, 



dr— -dr — zxr 



52. Case II. For Parallel Rays, Fig. 25. 

2rr 

s/ Thcor. 35. 



r — r 



* *' 



53. Case III. For Converging Rays, Fig. 26. 

— 2drr 

=/. Thcor. 36. 



dr-^j-dr— 2rr 

54. Moreover, if we fiippoie the Radii of 
Concavities equal, that is, r = r, wc (hall have 
the Theorems ftill more abridged thus ; 

Case I. For Diverging Rays, Fig. 27. 

dr 

-t- «/. Thcor. 37. 



^^■-v 



55. Case II. For Parallel Rays, Fig. 28. 

— as — r s== f. Thcor. 38. 

■d ■ J 

56. Case III. For Converging Rays, Fig. 29, 

•dr •• . _, 

— =/ Theor. 39. 



E3 Of 



*jo 7%g Theory of T> i o p t r m s. 

Of a pLANO-CoSCaTE'LEMV 

57. If the concave Surface be towardsthe 
Radiant, r being infinite, we fhall have the 
Equation for - 

Case I. Of Diverging Rays, J?ig. -3ft» 

— 6dr— 2dt— Atr • ;■ "• 

— — =/. Theor. 40. 



-3d + 6* 

t 

58. Case IL Of Parallel Hays> tig. 3 1. 

• 6r — 2t '••''' — • ■ * ■'" 
;= •— - 2 r -— it 9=/. Theor. 41, 



»/ 



• 59. Case III. 0$ Converging Rays, I'ig.-^i, 

6dr-[-2dt-^4tr _ ." _, 
jii, x """v? TJieor. 42. 

60. If the Thick&efe of the- Lefts be ncg? 
ledted, the Theorems will be thus abridged.; 



^_2*dr- - 

Case I. For Diverging Rays y = j£ 

Thepr. 43. 

Case II. For Parallel Rays, — — — : =9 

d 

— 2 r =p/ Thepr.. 44. 

Case 



r 



D 
I> 
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2 it 

Cask IH. For G mu a gim Rays, 

2r — d 

=/ Theor. 45; 

m 

61. If the plain Surface be to wards die Ra- 
diant, rwili be infinite; and the Theorems 
will be for 

Case 1 I. Of Divergieg Rajs, Fig. 33. 
Hate XIII. -- 4--=/. Theor. 46. 

6s. Cask II. Of ParaM Rays, Fig. 34, 

6dr __ 
-:=.— 2r=/ Theor.46. 

: — 3 d 

63. Case UL Of Converging Rays, Fig. 35. 

=/ Theor.47. 



— 3d-Jpat~^-6r 

64. If the Thkknds t be negieded, thefe 
Theorems will become for 

— 2dr 

Case L Of Diverging Rays, — = f. 

d-f-2r 

Theor. 48. 

Case II. Of Parallel Rays, T r = 

d 

— 2r ==/^ Theor. 49. 

£ 4 Cass 



<■ 1J »S^^^— ^^TB 
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2 dr 
Case III. Of Converging Rays, 



zr — d 

zszf. Theor. 50. 

For a Menisc y s« 

65. If the Radii of the Surfaces are un- 
equal, and the convex Side expofed to the 
Radiant, in which Cafe r will be negative, 
we £hall have the Equation for '_ 



Case J. Of Diverging Rays, 

=/. Theor. 51, 



6drr-}--2dtr — 4trr 



^dr — 3d>-^-dt-|-2rt-4-6rr 

66. Case II. " Of Parallel Rayt % 

— 6rr-4-2tr „ .. 

-— ==/ Theor, 53. 



67. Case III. Of Converging. Rays, 
6drr — 2dtr — 4trr 

i-—3dr~j- , 3dr-4"dt"-j-2rt-^^rr 
Theor. 53. 

6.8. If the Thicknefs t be negledied, the 
Theorems will be for 

§ 

Case I. Of Diverging Rays, Fig. 36. 

*— 2 d r r 

=f. Theon 54. 

69. Cas« 



dr — dr-j-?rr 
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,69. C a s e II. Of Parallel Rays, Fig. 37. 
l2L r -/ T<*or. 5S . 



70. Case III. OS Converging Rays, Fig. 38, 

2drr 

=yi Thcor. 56. 



dr : — dt-\~zvr 



• « 

71. If the Radius of Convexity be equal to 
the Radius, of Concavity, viz. r = r; and 
the Thicknefi t neglected, the Theorems will 
be for 

Case I. Of Diverging Rays, Fig. 39* 

— 2drr 

» =.— d =/. Theor. 57. 



%xr 



72. Case II. Of Parallel Rays, Fig. 40, 

• 2rr 

— - =r /• Theor. 5^ 



. 73. Case III. Of Converging Rays, Fig. 41, 

2drr 

■.= d —f. Theor. 59. 



2rr 



74. If the concave Side be expofed to the 
Radiant, and the Radii of the Surfaces un- 
equal, r being in (his Cafe negative, we {hall 
have the Equation for 

Case 
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C a s £ L Of Diverging Rays, 

-~6drr — 2dtr — 4* r T ~ 

— 3dr'i-3dr — dt— 2rt-jr6rr ; 

Theor. 60. 

« ■ • » 

75. Case II. Of Parallel Rays; 

— 6rr — 2tr 

—j. Thcor. 61. 



3r-h3r—t 



*— *« 



76. Case III. Of Converging Rays, 

6drr-i~2dtr— Atrr . 

=/ Thcor. 



3dr-r3clr-t-dt— 2rt~H6xr 
62. 

r - 

j j. If we negle&*the Thicknefi t, we (hall 
have for 

Case I. Of Diverging Rays t , ■ ■ ■ ■< 

*\ dr-^-dr-f-srr 
=/. Theor. 63. 

78. C a s e II. Of Parallel Rays, 

r — r 
==/ Theor. 64. 

70.' Case III; Of Converging Rays, 

df'-Ldr + arr ^ Theor ' 6 * 

80, If 
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.€o. If the Radius of Concavity be eqftal to 
the Radius o£ Convexity, and theThickneft 
t neglc&ed/ we have for 

mm2 drr 

C/uut £ Of Diverging Rays, = 

ztr 

— d=y£ Thcor, 66. 

* 

Tfl. 0A9-E II. Of Parallel Rays, ~~ %xt 
==/. Thcor. 67, 

82P Case III. Of Converging Rays, 

~ 4 =/ Thcor. 6$. 

For a Plain Lens. 

83. This being no other than a Piece of 
tommtin plain Glaft, wthdEb Surfaces are pa- 
rallel Plana, the Radii r and r being both in- 
finite, tfce Equation in Art. 18, will become 

Ca$s 1# Of Diverging Rays, Fig. 4a. 
£itlJ = a.-f ft = —/ Theor. 60. 

B4. Case II. Of Parallel Rays, Fig.4> 

6 d ^ A «. 

— =/. Theor. 70. 

f? 

£$. Case 



-£ '--tm-^^m 
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85. Case III. Of Converging Rays, Fig. 44.' 
~ — ±lf = d_ ft=? y: Xheor.71. . 



.» * < 



86. If the Thicknds t be negleded, the 
theorems will be for 

6d 
Case I. Of Diverging Rayt, — -? == -^ d 

rsf. Theor. 72, 

6d 

87. Case II. Of Parallel Rays, — =/ 

ThiDor.73. 

^ •— — od 

88. Case III. OfxSwtero^ &*?*» T 

:= d =/ Theor. 74. 

• ♦ - - 

89. Thus much for finding the Foci of 

Kays after Refraftion* . If the Focus be given 

with either the Diftance of the BUdiant, 

Radii of the Convexities or Concavities, or 

the Ratio of Refraction, the reft may be 

found by Theorems raifed from the fame 

fundamental Equation in Aft. 1 6, which, if t 

be rejedted as inconsiderable, will ftand thus, 

pdrr 

= /. And when reduced 



«*f 



<ir~f-dr-~^rr 

ive £hall have pdrr — drf-jrdrf-^prrf. 

90. If 
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90. If now /j r, r, *, are given, d will be 

thus found, ptrf—dTf-\-drf — pdxr% 

ptrf 

and therefore it will be - ' — - = d. 

tf^rf—ptr 

Theor. 76. 

91. Iff, r, d, and / be given, rwill be 
found from this Equation pirf -\~pdtr 

dr/ 
— dr/=dr/ } for then — -- — f- — - 

s= r. Theor. 77. 

. 92. If r be required, the Equation will 
Jbe /rr/-f-/drr — dtf — dr/-, and fo 

dr/ 

93. If/, r, r, and d be given, the Equation 
for p will be px rf-^pdtr = d r/-f- d r/; 

drf^drf 

and hence we (hall have — -7-7 = A 

r r/ T" d rr 

Theor. 79. 

94. Having found p, the Ratio of the Re- 
fra&ion is eafily known 5 for ^ = - — - v , and 

I ■*^Iv 

therefore Ip — R/=R, and fo I/sssR-f-R/; 
whence I : R : : p -4- 1 : p. 

9S . If 






,5 !8fiiii#fMti' 1 

'JKfSlalf'iiyiri then 






" ffv ' ffi * i * i .^yfe*^ 



3> 
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CHAP. B. 



' • 



The Theory of Dioptrics continued^ 
for determining the mutual Profior- 
tim of the Obje& and Image. 

lT nLNbca double equally convex 
1 \m Lens, Plate XIII, A C a it's Axis 
OB an Qbjeft in a Pofition perpendicular 
thereto* 

2. From die Extremity of the Objeft O, 
fuppofe a Ray O F fall upon the Lens in fuch 
* Point F> that by it's Refraction in the Glafe, 
it be made to pals through the middle Point 
of the Lens C to G ; at G k will be fo re- 
framed to I, that the Ray G I (hall be parallel 
to OF. This Ray OCI will be the Axis of 
all the Raye which fall on the Lens from the 
Point 0> and I will be the Focus where they 
will all be collected* by what has been before 
taught. 

3. In like Manner BHCKM is the Axis 
of that Pencil of Rays, which proceed from 
the Extremity of the Obje& B, and their Fo- 
cus> fuppofe at M. Then fince all the Points 
in the Object between O and B, muft necefla- 

rily 
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rily have their Foci between I and M, I M 
will confcquently be the Image of the ObjeSi 
OB, per Princip. 10 apd u. 

4. From the Vertices of the Lens D and E 
draw the Lines DO, DB, and EI, EM, and 
produce the incident Ray O F, till it meet the 
Axis in d, and the refraded Ray I G, till it 
cuts the Axis in e ; nbw fince Od and le are 
both in the fame Plane, and parallel to each 
other, from the Nature of Refractions, the 
Angle O d A will be equal to the Angle I era ; 
and fince the Points d and e are both within 
and near the middle of the Lens, it is evident 
that if. the TJiicknefs of the Lens be very 
finall or negleded, the Angle O d A will be- 
come equal to OD A, and lea equal to I E a * 
and confequently the Angle ODA will be 
equal to the Angle I E a. In like Manner it 
is (hewn the Angle B E) A s=s M E a. And 
therefore the whole Angle ODB== ME I. 
From whence it follows, *thatthe Image I JVtf 
appears from the Vertex ofEmerfon E, under 
an Angle equal to that under which the ObjeSi 
appears from the Vertex of Incidence D. 

5. If the Objedt O B be very fmall, or at a 
great Diftance, fo that the Points O, A, B, 
are nearly at an equal Diftance from the Ver- 
tex D 3 then will their correfpondent Points 
I, a, M, be very nearly in the lame Plane ; 
and the Image I M parallel to the ObjeEl O B, 
and perpends fular to the Axis A a. 

6. In 
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6. In this Cafe, the Triangles OD A and 
I £ a are fimibr; for fkey are cqoiangnbr, 
fince the Angle D = E, and A == a, as be- 
ing both right ones, and therefore O = I ; 
and consequently D A : E a ! A O : I a ; for 
the lame Reafon DA: Ea:: AB:aM. But 
X>A : Ea : i OA~l- AB : Ia-j-aM : : OB : 
I M. That is, The Diftance ef the Obje3 is 
to the Diftance' tf the Image, as the Length ef 
tbc OhjeB to the Length of the Image. 

7. AhoAO:AB::Ia:aM; that is, the 
ObjeQ and ifs Image are divided proportionally 
by the Axis of the Lens Aa. 

8. Call the Otyeft O, it's Image I; the 
Diftance of the Objecl and it's Image, d and^ 
as before ; then will it be O : I : i d : K and 

Id 

therefore — = f. Bat for the Cafe of a 

double and equally-convex Lens, whole Thick- 

nefs is inconfiderablc, we before found f=± 

dr Id 

- , Chap. I. Theor. 16. Therefore — 

d — r r O 

dr 

; and foIdd~~Idr=~drO, that 



d — r 
is, Id — Ir = rO, and Id = rl -j- Or; 

and consequently — — = d. Theor. 1. 

9. If the Object be a Surface, the Image 

will btf fo too ; and their Proportion duplicate 

of the former; that is, O : I : : d* :'/*>' and 

F hence 
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fid* dr - 
hence V — - = / = - ; ftttd fquaf ing 

Id* d*r* 

each Side, we have -— = - — ^ 2, which re- 

O d — • r 



Iblved is, I x d — r — O x r* j hence d — r 



O . , O 



y x r* 5 put — = p, then d— * = 

JL Jfc 

£r% and d — r = yfpr^i and laftly, d = 
V?^ 7 4" r. Theor. 2. 

.10. If the Objeft be a &&/, the Image 
will be fo s and then it will in like Manner 
appear (the Proportion being triplicate of the 

firft, viz. O : I : : d* : f*) that d = Vprz 
^ r. Theor. 3. 

ii/Thefe three Theorems find the DL- 
ftance d, at which an Object (whether Line, 
Surface, or Solid) muft be placed that it may 
bear the lame Proportion to It's Image, as O 
does to I, in Cafe we ufe a double and equally 
convex Lens. 

12. But the fame thing is* found for any 
other Lens* as I (hall {hew for a Piano- Con- 
vex, Double and Piano-Concaves, as follows, 

13. In Chap, L Theor. 22, For a Piano- 
Convex we had =-/. Therefore — 

d— -2r J O 

s==2dr 



/ 



I 



: 
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*?= T~ — > *nd consequently Id — * 2 Ir =a 

arO, and Id = 2rO -\-zIn and hence 
arO -falr 

~ j — — = d. Theor.. 4. 

14. If Ae Objcft be a Superficies, then 
Jd» _ Ad % r* » 

*0~ "" j~- 2 r 2 ' and ** d— 2r=?4f«xOj 

that is, rf-ar = 4 r* " x 2 *» 4r*/> ? 

whe refore d — 2rs=^'JfTp. an dd = 2r 
rjr^+r'p. Theor. 5. 

15. In the lame Manner, for &//,£, we (hall 

fa. a - « + vte> ti^a , 

1 

16. For a double and equally concave Lens* 

the Theorem was — -^ — »/ See Theor. 

•— a— r 

37. And fince in this Cafe O : I : : d ; -«/j 
*rt {hall have — - r- f t-. and 

£> I d 4- Ir as r O ; and therefore Id = Or 

t j * O^— rl 
•— 1 1 ; and confequently d = — r , 

, I 
Theor. 7. 

£3 17. Fc*. 
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j 7 . For a Superficies it will be d = V r» j> 
. r. Theor. 8. 



i8< And for a Solid, d = V?^ — r. 
Theor. 9. 

19. In Cafe of a Piano-Concave, it wUl be 

alfo -ii =/= 777' (*" The ° r * 43) 
— O rf-]-2r 

and therefore I</-f 2 1 r = 2 rO? and hence 

2rO — 2rl _, 

d ss — — . Theor. 10. 

I 

20. For a Superficies, d = J\r*p — 2 r. 
Theor. 1 1. 

3 

21. For a Solid, d = V'8rs? — 2r. 
Tlheor. 12. 

22. In a Menifcusy whofe Radii of Con- 
vexity and Concavity are unequal, and the 
convex Side expofed to the Radiant; we 

have -- = -r ,', ' " > (P* Theor ~ 54.) 

O dr—dr-\-zrr 

2.rrO-\-zrr\ 

whence we find d = — — =< r*— » Tneor: 

— rl — rl 



*3 

i.If 






* • 
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23. If the concave Side be expofed to the 

2 rr O -4- 2rr I 

Radiant, we have d = ■ . 

rl — rl 

Theor. 14. 



24. If the Radios of Convexity be equal to 
that of the Concavity, we (hall have (per 

Id 
Theor. 57 and 66.) — = d; fo that Id =a 

Od, that is, I = O. Theor. 15. Which 
(hews, that in this Cafe a Menifcns Lens can 
magnify nor diminifh an Object 



25. In all the foregoing Theorems we had 
Regard only to affirmative Focus s ; but they 
may be as eafily adapted to negative ones, if it 
be required to have the Image on the lame 
Side with the Objed. Thus for a double 
equally convex Lens, for an affirmative Focus, 

dr 
the Theorem is = 4-A but for a ne- 

</— r ■ 

dr 
gative Focus, it will be ;=/} aMb it 

•* r — d 

Id 
wiH be 0:I::d: _-/Y and therefore — 

= : from whence we have d = — = — '-* 

r—d ~T I 

Theor. 16. 

j 3 a6. 1a 



« » » 



$6 . The Hmy of Dioft*ic$. 

a6* In this Manner Theorems are railed 
for other Gkfles, where it is to be obfcrved, 
that the Terms of the Equations are the fame 
as for affirmative Focus's, the Sigits only are 
changed : Bat this is a Matter not worth in- 
lifting on, being of little Ufe. 

ay. If it be required to form an Image 
equal to the Objeft, we fhaH have 0,f=I 5 
and the Diftance required will be for the 
fever*! Lenfes> as follows* 

28. For a double and equally convex 

_ Ir-+-Or air 

Lens, we nave = — — =5 ar =s tL 

Theor. 17. 

2rO -4-^Ir 

29. For a Piano-Convex, ■■■ — , 

I * 

*I^ 

= 4 r « d. Theor. x8. 

30. For a double and equally concave Lens, 

* Or — Ir o » ^ f 
we have - = — =ts d. Theor. ig. 

And fmce in this Cafe the Focus is always 
jiegtrtive, It i6 evident the Image can never be 
equal to the Object at any Diftance from the 
Lens 9 much lefs can it ever exceed it ; and 

: * therefore 
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therefore fiich a Lens can only diminUb, never 
magnify an Objcd. 

31. The fame thing is true, and for the 
lame Reafon, in a Piano-Concave, as will appear 
from Thcor. 10 hereof; and alio in a Me- 
nifcus from Theor. 13 and 14. 

32. If the Diflance d of the Objcd, and 
the Proportion of O to I be given, the Radios 
r of double and equally convex and concave 
Lenies, in this Cafe neceflary, is found from 
the Equation in Art. 8, viz. Id = Ir-J-OV; 

and .herrfb* for » JW* CW -IL = r. 

I-j-O 

Theor. 20. 

33. For a Plaw-Cotroex, the Equation is 

Id 
ld=r 2rO-4-2lr. and therefore 



— r. Theor. 2 1. 

34. For a double and equally concave Lens, 
the Equation being Id=Or— -Ir; we 

have = r. Theor. 22. 

O— J 

3 5. For a Piano-Concave, the Equation is 

Id 

Id= 2rO«— zlr. and fo — -*=r. 

' 2O— 2I 

Ttwor. 23. 

F4 &K 
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CH ap, m, 

*the Theorems relating to Globes and 
Hemispheres reduced to pracr 
tic al Rules > and exemplified, ' 

l. A S in the firft Part, fo here I fliali 
XX make ufe of the tenths of an Inch, 
for the Meafurements to be made in the en- 
fuing Examples. And firft, for 

A Globe. 

2. Case I. For Diverging Rays, Plate XIV. 
Scheme 1. Let there be given the Diftance 
of the Radiant D £, and the Radius of the 
Globe CE| to find the Diftance of the Fo- 
cus IF. 

RULE. , 

Multiply the Diftance of the Radiant by 
the Radius, and to that Produd add, four 
times the Squarp of the Radius ; divide that 
Sum by the Difference between twice the 
Piftance^qf the Radiant, and the Radius, the 
•<i£6trehfVill be the Diftance of the Focus, 
per Theor. 1. Art 20, Chap. I. 

r 3. EX. 
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1 

,3. EXAMPLE. 

LetDE^jo CE=io 2DE = 6o 

CE=io CE= 10 CE = io 

— ^- Squ. 100 ._.— 

Produd 300 _4 Plff *° 

Add 400 400 



%• 



Then 50)700(14= IF, the focal Di- 

50 jftance required, viz., 

one Inch, and four 

*°° Tenths. 

200 



• • • 



4* As 2DE is greater, equal to, or left 
than CE; the Focus F will be affirmative, 
or behind the Globe, iniimte, or negative, or 
before the Globe* ■ 

5. Case II. Of Parallel Rays, Scheme 2. 
A Glais Gbbe , expofed to Parallel Rajs, will 
colled: and converge them to a Point F, which 
will be juft half the Radius of the Globe C I 
behind it, by Theor. 2. Such a Globe there* 
fore, held in the Sun's Rays, will burn very 
intenfdy, if large* 

6. Ca*e IIL Of Converging Rays. The 
Focus F is found here by the fame Rule as 
in Case Ij only the Sum and Difference there 

muft 
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there muft be exchanged for the Difference and 
the Sum here. And according as -the Produdt 
of the Diftance of the Radiant Point, into the 
Radius C E, is greater, equal to, or lefi than 
4 times the Square of the Radius, the Focus 
will be affirmative, within the Globe, or ne- 
gative, per Theor. 3. 

t 

For an Hemisphere. 

7. Case I. Of Diverging Rays. If the 
Convex Tart be towards the, Radiant, the Fo- 
cus will be found by this 

R- U L E. 



To the Produft of the Diftance of the Ri- 
. diant into the Radius, add the Square of Ra- 
dius, multiply that Sum by 4 : This divide 
by the Difference between 3 Times the Di- 
• fiance, and 6 Times the Radius, the Quo- 
tient will give the Diftance of the Focus, 
per Theor. 4. 



8. But if the Plain Side of the Hemifphere 
be turn'd towards the Obje& the Radiant, '< 
the Rule will be fomewhat altered ; thus, 



R U L £. 



J 
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R ULE, . , 

To 6 times the Ptoduft of the Difbnce 
into the Radius, add 4 times the Square of 
Radius; divide that Sum by the Difference 
between 3 Times the fciftance, and 4 Times 
the Radius \ the Quotient is the Diftaoce. of 
the Focus required, per Theor. y. 

9. E X AM PLE 
For the Convex Side towards the Radiant. 

Let the Di-7 ^ 3 Times the Di- 7 

ftancebe — J* ftance is — J 9 

- The Radius 10 6 Times the Ra- 7 , 

• — — ■ dius is — — —J 
Produft 300 

Add the Squ. 1 Difference 30 

of Radius J 100 

Sam 400 
Multiply by. 4 



Divide by 30) 1600 (53 = the Diftance of 

150 the Focus, viz. 



100 
10 



5 £ Inches; 



* 10. E X«j 



K 
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io. EX AMPLE 
Of the Plain Side towards the Radiant. 

Let the Di-1 3TimestheDi-l 

fiance be J 3 fiance — — X 9° 

-The Radius — io 4 Times the 1 

• •— — Radius— —J 4 " 
Product 300 

Multiply by 6 Difference 50 

Produd 1800 
Add 4 times 1 A ^ 
the&H>fR.}_f^ 

by 50)2200 (44 =r the Diftaoce of 
200 the Focus, viz. 

4 to Inches. 



200 
200 



• • 



11. In this near Situation of the Radiant, 
the convex Side, expofed to it, gives the 
gre^teft focal Diftance, as we fee by the Ex- 
amples j hut if the Radiant be above 50, or 
5 Inches diftant from the fame Hemifphere, 
then the convex Side will give the (horteft 
focal Diftance, as is eafy to try. 

12. Case II. Of Parallel Ray >s, Scheme^ 
If the Plait^Side be turn'd to the Rays of 
ihc Suns thqr will be collected - at F, at the 

Diftance 
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CHAP. IV. 

7& Rules for finding the Focus of ,a 
Double Convex Lens. 



I. T F the Lens be unequally Convex, and the 
- J_ Thicknefs not regarded, then if the 
Radius of each Surface be known, and the 
Diftance of the Radiant from the Lens, the 
Diftance of the Focus will be found for 

2. Case I. Of Diverging Rays, by the 

following ) • 



RULE* 



» f> 



Multiply, twice the Product p{ the Radii 
into e^ch other by the Diftance of the Ra- 
diant, this (hall be the Dividend; Then, take 
the Difference between the Produdt of the 
Sum of the Radii, multiplied by *he Diftance, 
and twice the Product of the Radii into each 
other ; by this divide the Dividend above, the 
Quotient will be the Diftance . of the Focus 
required, per Theor. 13. 
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3. EXAMPLE, 

Let the longed: Radius be 50, and die 
fliortcft 30; and the Diftancc of the Radiant 

300: Then 

• 

Longeft Radius — — 56 
Shorteft *~* -*«-*.— 30 

Produd — >—•*.—. 1500 
Multiply by — — — 2 

Twice Product — — 3000 
Diftancc — — — 300 

21000)966000(42.^ 
84000 

1 60000 - 

42000 § j 



w 



180000 
168000^ 

JL200O 



Longeft Radius $0 
Shorteft 



» • — 

Stun — t r- -^ 80 
Diftancc — — 360 



Product — 24000 

Subdue* — — 3000, twice Prod, of Radii, 

difference — 21000 Divifor. 
Thus the focal Diftancc will be 42 £% 

G 4.CA14 
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4. Case. II. Of Parallel Rays, *The Fo- 
cus of thefe is found thus. 

■• » 

RUL E. 

Divide twice the Produdfc of the unequal 
Radii into each other, By the Sum of the Ra- 
dii, the Quotient will be the focal Diftahcc 
required, per Theor. 14. 

5. EXAMPLE. 

Ltt the Radii be the lame as before j 

v. 

Then the Longeft Rad. 50 — • — - 50 
The Shdrteft -r- 30 - — —30 

Produft — — — 1500 80 Sum 

2 



80) 3000 (375 = the focal 
240 . Diftance re- 
•*-— *~ quired, vt2u 

5 6_Q 37 " 

400 ~~ 

.400 ■• 



* m 

i, 

• • • 



6. Cass IIL Q& Gmer&ng Rap. The 
Focus of thefe is found by the Rule of the firft 
*--' •■ :> Cafe, 



f 



« 
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Cafe, if inftead of the Difference we take the 
Sum of thofe Quantities mentioned in the 
Divifor, per Theor. 1 5, 

7. If the Lens be equally Convex, as ara 
moft of thofe in common Ufe, and the Thick- 
nefs neglected as inconfiderable, and caufing 
no material Error, then will the Focus of this 
moft ufeful Lens be moil cafily found by this 
fhort and plain Rule, for 

8. Casb I. Of Diverging Rays, Plate X V« 
Scheme 1. 

RULE. 

Multiply the Diflance of the* Radiant by 
the Radius of the Lens, divide that Product 
by the Difference between the faid Diftance 
and Radius, the Quotient is the focal Diflance 
required, fen Theor. 16. 

^EXAMPLE. 

Let the Diflance D £ = 40 — — 40 
The Radius — CE= 15 15 



The Ptodudt 600 2$ Diff. 

Then 25) 600 (24 = F E, the fo£al Di- 

50 fiance fought, viz. 

- — — 2 ~ Inches. 



100 
100 

• • • 



G % so. And 
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io. And here it is to be obferved, that 

according as the Diftance of the Radiant D E 

is greater \ equal to\ or kfs than the Radius 

C E, fo the Focus F will be affirmative^ i/i- 

jinite, or negative. 

1 1. Case II. Of Parallel Rays, Scheme %> 
In this Cafe the Focus F will be coincident 
with the Center C ; that is, the Rays of the 
Sun will be colle&ed into a Point F, whofe 
Diftance F E, from the Lens, will be equal to 
the Radius CE, per Theor. 17. 

12. Hence a Convex Lens becomes a Burn- 
ing Glafs, whofe Power is greater or lefs, as 
it's Surface is larger or fmaller, if the focal 
Diftance be the fame; or as the laid Diftance 
is lefler or greater, if the Quantity of Surface 
be the fame. 

13. For if the Lenfes be of different Big- 
nefs, and of the fame focal Length, their 
Power of burning will be as the Squares of 
their Diameters dire&ly, for. it will be as the 
Quantity of Rays falling on their Surfaces di- 
re&ly * thus if the Diameter of one Lens be 
1 Inch, and of the other 4; the latter will 
burn 16 times more intenfely than the former. 

14. Again, if the Diameters or Surfaces of 
two Lenfes be the fame, the Power of burn T 
ing will be reciprocally, as the Surfaces of the 
burning Spots, which are the Images of the 
Sun, and thefe are as the Squares of their 
Diameters ; but fince thefe Diameters are as 

\^ ^the 



... * 
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the Diftances from the Glafies, the Power of 
burning will be reciprocally, as the Squares 
of the focal Dijlances. Thus fuppofe two 
Lenfes of equal Diameters, and the focal Di- 
fiance of one be i Inch, but that of the 
other 4; the Power of burning, in the for- 
mer, will be 1 6 times greater than in' the 
latter. 

15. The abfolute Power of burning, in 
thefe Lenfes, is as the Number of Times the 
burning Spot is contained in the Surface of 
the Lens, or as the Square of the Diameter of 
the Spot is contained in the Square of the Dia- 
meter of the Lens. Thus fuppofe I have a 
Lens 4 Inches in Diameter, and the burning 
Spot made thereby I meafure and find* to be 
one Tenth, viz. ~ of an Inch. Then in 
4 Inches there being 40 Tenths of an Inch, 
the Diameter of the Lens to that of the Spot 
will be as 40 to 1 ; and the Squares of thefe 
Diameters will be as 1600 to i; that is, the 
Spot is one Thoufand fix hundred Times leis 
than the Surface of the Lens ; and the Heat 
of the Sun's Rays will confequendy be aug- 
mented in the fame Proportion, which there- 
fore will burn very ftrongly. 

16. Note, if the Tfricknefs of the Lens be 
at any Time confidpred, the focal Diftance 
will be very nearly one fixtb P#rt of the faid 
Thicknefs lets than the Radius, as appears 
from the Theory. 

» 

C 3 17. Case 



J 
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■ 17. Case III. Of Ctnvtreing Rays, Scheme 
3. the Rule for finding the Focus of thefe 

Rays is as follews. 

RULE. 

Multiply the Diftance of the Radiant by 
the Radius^ divide that Produ<ft by the Sum 
of the fa id Diftance and Radius; the Quo- 
tient will be the Diftance of the Focus re* 
quired, fer Theor, iS. 






iS. EXAMPLE. 

« 

-• Let the Diftance d I ='30 — -i— 30 " 
'• The Radius — CE =:i5 — . — 15 

I |dJ Ml. U K ■ '■ 

The Product — *■ — 450 45 Sum 

{ Then 45)450 ( 10 = F I, the Diftance 

* 45 of the Focus requir- 

) ■• ed, viz. 1 Inch. 

; "o ■ 

19. The Focus will in this Cafe be always 
affirmative, and it's Diftanee lefs than the Ra*- 
dius. As the double and equally Convex 
Lens is the moft commorf and ufeful. fo all 
it ? s Cafes are of the laft 4 Importance for a due 
Understanding of the Nature, Conftru&ion, 
and Effed*, of alt Dioptric Machines, as will 
be fbewn in the third Part. 

CHAP. 
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CHAP. V, 

• - 

7%e Ruks for finding the Focus of 4 

Pl a no -Con vex Lens. 



" i. T F the Thieknefs of a Piano-Convex Lens 
J_ be confidered, and it be expofed on it's 
convex Side to Parallel Rays, as thofe of the 
Sun, the Focus will be at the Diftance of 
twice the Radius, wanting f (two Thirds) of the 
*Thicknefs of the Lm $ pet Theor. 20. 

2. But if the feme Lens be expofed with 
it's plane Side to Parallel Rays, the Focus will 
then be prfecifely at the Diftance of twice the 
Radius from the Glafs> per Theor. a6. 

3. If the Thieknefs of the Lens be neg-> 
letted, the Rules for the Focus are the lame 
for either of the two Sides towards the Ra- 
diant, as appears from the Theorems relating 
to thefe Cafes. 

4. Case I. Of Diverging Rays, Plate X VI. 
Scheme 1. Iii this Cafe the Rule for finding 

the Focus is as follows, <viz. 

■ 

O 4 RULE. 
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RULE. 



• 



Divide twice the Product of the DiftancQ 
of the Radiant into the Radius, by the - Dif- 
ference between the (aid Diftance, and twice 
the Radius; the Quotient will be the food 
Pittance required, per Theor. 22 and a8. 

5. EXAMPLE. 

Let the Pittance DE = 40 DE = 4* 
The Radius CE= 8 2CE=i6 

The Produft 320 Diff. 24 
Multiply by — 2 

Then 24) 649 (26 | = IF, 

48 the focal Di- 

*-« — fiance re- 

* 6 ° quired. 
144 



16 

6* Here again it is evident, from the &me 
Theorems, that as the Diftance DE is greater, 
equal to, or left than twice the Radius! fo the 
Focus will be affirmative, infinite, or negative. 

7. Cask II. Of Parallel Rays, Scheme 2. 
If a Piano- Convex be expofed to Parallel 
Rays, as thofe of the Sun, they will be col- 
lected thereby into a Point F> which will be 
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diftant from the Glafs joft twice the Radius 
C E, or the Diameter of the Sphere, of which 
the Lens is a Segment; as is evident from 
Theor. 23 and 29. 

8. The focal Diftance is here twice as great 
as in the lame Cafe of a Double and equally 
Convex jjens % See Chap. IV. Art. 1 1. Confe- 
quently , the Power of Burning (cateris pari- 
bus) will be 4 times greater in the Double than 
in the Plano-Convex Lens, per Art. 14. 

9. Case IH. Of Converging Rays, Scheme 3. 
The Rule for the Focus is the fame as above 
for Diverging Rays % if inftead of the Difference 
you divide by the Sum of the Diftance of the 
Kadiant, and twice the Radius,, per Theor. 
24 and 30. 

10. E X AMPLE. 

IaX the Diftance DE = 30 pE = 30 
The Radius CErs 8 &CE = i6 



mm 



' Product ^40 Sum 46 

Multiply by — 2 

Then 46)480(10 = FE, the 

46 focal Diftance, 

— — viz. 1 Inch, 

20 and a little 

more. 

1 j. The 
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CHAP. VI 

* . 

The Rules for finding the virtual Fscus 
of Double Concave Lenses. 

i.TF the Lens be unequally Concave, and 
J[ the Thickncfs thereof negledted, (which 
is much more inconfiderableMn thefe than in 
the Convex Lenfes) then the Rule for finding 
the Focus for 

2. Case L Of Diverging Rays, is as 
follows. 

RULE. 

■ * 

Multiply twice the Produft of the Radii 
by the Diftance of the Radiant; divide that 
Produdt by the Sum of the Radii multiplied 
by the Diftance, and twice the Product of 
the Radii, the Quotient will be the Diftance 
of the Focus, per Theor. 34* 



3. EX- 
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4. Case II. Of Parallel Rays. The Rute 

r finding the Focus here, is the fame as for 

Double unequally Convex Lens, viz. 7* 

ide twice the Produft of the Radii by their 

m. See Chap. IV. Art. 4. But the Focus 

-e is always negative, as it is there always 

Irmatwe. And confequcntly, fince the Rule 

the feme, if the Radii of the Concavities 

td Convexities are refpedively equal, and al- 

the Diftance of the Radiant; the Diftance 

|*>f the Focus will alfo be equal from 

f Lens. 







5. Case III. Of Converging Rays. The 
Rule for finding the Focus here is the very 
lame as for Diverging Rays, 1 in Chap. IV. 
Art. 2. - Or that above in Art. 2. if inftead 
of the Sum you take the Difference of the 
Quantities there mentioned, per. Theor. 36. 

6. If the Lens be double and equally Con- 
cave, and the Thicknefs not confiqerable, the 
Rule for finding the Focus of Diverging Rays 
is as follows. 

7. Case I. Of Diverging Rays, Plate XVI. 
Scheme 1. 

RULE. 



Multiply the Diftance of the Radiant by 
1 the Radius ; divide that Product by the Sum 

i of 
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Sam of, the faid Diftance , and Radius, the 
Quotient will be the Diftance of the virtual 
Focus, always negative, per Theor. yj. 

8. EXAMPLE. 



Let the Diftance DE = 40 4a 

The Radiut -~ CE = 10 — ~ 10 

400 50 Sum 

Thett.50) 400(8=2 fE*the focal Diftance 

400 



9% Case H. Of Parallel Rays, Scheme 5. 
The tfeteal Focus of thefc Ray* is always at 
the Diftance of the Radius from the Lens, as 
in a Double and equally Convex Lens, per 
Theor. 3$. But is here always negative, as 
there it was always affirmative. 

10. Case III. Of Converging Rays, Scheme 
3.. The Rule for finding the Focus of thefe 
Rays is exaftly the fame as that for Diverging 
Mays/m a Double Convex, Chap. IV. Art. 8. 
And according as the Diftance of the Point d > 
towards which they tend, viz. d I is greater, 
equal to, or lefs than the Radius CI, the Fo- 
cus Will be virtual and negative, infinite, or 
real and affirmative, per Theor. 39. 

11. That is, If Rays converge towards a 
Point d, a$ in Scheme 3, beyond the Center C, 
-*> they 
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CHAP. VIL 

To find the Focus of a Pl a no-C o n- 

cave Lens. 

l.TF a Plino-Concave Lens be expofed 
X with it's Concave Side to Parallel Rays, 
(viz. Rays of the Sun) and the Thicknds of 
the Lens be considered, the virtual Focus will 
be at the Diftance of twice the Radius, or 
Diameter of the Sphere \ leffened by i of the 
Vfachufi of the Lens, per Theor. 41. 

2. The lame Lens expofed on the Plain 
Side to Parallel Rays, will have their virtual 
Focus at juft the Diftance of twice the Ra- 
dius, or Diameter of the whole Concavity, 
per Theor. 46. 

3. If the Thicknefs of the Lens be neg* 
leded, as it always may in this Sort ; then 
the Rules for determining the Foci of all 
Sorts of Rays are the fame, let them fall on 
which Side of the Lens they will, as is evi- 
dent from the Theory. 

4. Case L Of Diverging Rays, Hate 
XVIII. Scheme i. The Rule for finding 
the Focus of theft Rays by a Piano-Concave 
is this* viz, 

R UL E. 
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RULE. 

Multiply twice the Radius by the Pittance 
of the Radiant, divide that Produd by the 
Sum of the laid Diftance, and twice the Ra- 
dius ; the Quotient is the focal Diftance, per 
Theor. 43, 

5. example:. 

Let the Diftance D E = 50 56 

Twice the Radius C E = 20 20 



1000 70 Sum 

Then 70) 1000 ( 14 = f C, the focal Di- 

70 ftance required, 

viz. 1 yl Inch. 

300 

280 



20 

6. The Focus in this Cafe is always virtual 
and negative ; for Rays which fall diverging 
on this Lens are always fo refradted as to pro- 
ceed ftill more diverging. 

* • 

7. Case II. Of Parallel Rays, Scheme 2. 
The Focus of thefe Rays will be at juft twice 
the Length of the Radius from the Lens, as 
r^prefented in the Scheme, per Theor. 44 or 
49. That is, it will be diftant from the Lens 

H the 



i 

4 
1 
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the Diameter of it's Concavity, and will be al- 
ways virtual and negative. So that it is im- 
poflible any concave Lens (hould be a burning 
Glafs; but on the contrary, the Sun's* Rays 
may, by thefe Lenfes, have their Light and 
Heat leflencd in any Proportion whatfocver. 

8. Case III. Of Converging Rays, Scheme 
3. The Rule for finding the Focus of thefe 
Rays is Word for Word the fame with that 
for Case I, of Diverging Rays, in a Pkno- 
Convex Lens. See Chap* V. Art. 4. This 
will be evident by comparing Theor. 45 or 50, 
with 22 or 28, 

9, Here the Focus will be affirmative, infi- 
nite, or negative, according as twice the Ra- 
dius is greater, equal to, or lefs than the Di- 
stance of the Radiant. In this Scheme, the 
Diftance dE is equal to the Radius CE; 
therefore the focal Diftance FE is equal to 
twice the Radius C E. 

iq. It is eafy by this time for the Reader 
to obferve, that the fame Rule which finds 
the Focus of Diverging Rays in a Convex 
Lens, finds the Focus of Converging Rays in 
a Concave one ; and alio that the Rules for 
finding the Foci of Diverging and Converging 
Rays, in any Lens, differ only in the Sum of 
Difference of the Quantities in the Diviibr. 

11. The principal Ufe of thefe concave 
Lenfes is in that Sort of Telefcopes, which we 

call 
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tall Per/pefiive-Glafs, concerning which I 
(hall treat largely in the next Part* 

12. It often happens that we have a con- 
cave Lens* and know neither the Radius or 
Focus ; to know the focal Blftance therefore 
in fiich a Cafe, proceed thus : . Take a Piece of 
Paftboard, &c. and cut in it a' rouud Hole ; 
and on another Piece of Paftboard, ftrike a 
Circle, whofe Diameter is juft double the Dia-s 
meter of the faid Hole * then apply the Piece 
with the Hole in it to the Lens, and hold 
them in the Sun-Beams, with the other Piece 
at fuch Dillance behind, that the Light com- 
ing through the Hole may fpread or diverge, 
fo as to fill the Circle drawn there precifely ; 
then is that Diftance equal to the virtual Fo- 
cus of the Lens ; and alio to the Radius, if a 
double Concave ; or twice the Radius if a 
Piano-Concave. Let G H a= Diameter of the 
Hole, LM = that of the Circle ; then, fince 
L M =s z G H, we have f K = % f £ > and 
therefore I K = f I = 2 C I, the Radius of 
the Piano-Concave. Scheme 2. Plate XVI II. 
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CHAP. VIIL 

3T& Rules for finding the Focus of a» 

Meniscus Lens. 

i.TF the Thickhefs of the Lens be not 
J[ confidered, the Radii of Convexity and 
Concavity unequal, and the convex Part cx- 
• pofed to Diverging Rays> we fhall find the, 

| Focus by the following Rule. 

if. 

{:, 2. Case I. Of Diverging Rays, Plate XIX. 

Scheme i. 



RULE. 



Multiply twice the Product of the Radius 
of Convexity into that of Concavity, by the 
x Diftance of the Radiant; this {hall be the Di- 
vidend. Then multiply the Difference be- 
tween the two Radii by the Diftance of the 
Radiant ; and to that Product add twice the 
|T Produft of the Radii ; the Sum (hall be the 
Divijdr % by which divide the Dividend above, 
the Quotient will be the focal Diftance re- 
quired, per Theor. 54. 



3. EX- 
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3. EXAMPLE. , 

Let the Radius of Convexity CE r= 15 
The Radius of Concavity — KI=s 10 



Their Product — •. 1 50 

Multiply by — — 2 

3OO 

Multiply by the Diftance — DE = 40 



The Dividend — 12000 

Then from Rad. of Convexity CE == 15 
Take the Radius of Concavity KI = 10 



The Difference is — — — — — 5 
Multiply by — DE = 40 

Produd — — — — — 2op 
To that add twice the Prod, of Ra4U 300 

The Sum is the Divifor, m. — 500* 

Then 500) 12000 (24 = f E, the Di- 

iqoq fiance of the Fo- 

cus required, w» f 

2000 2 finches. 
2000 



• • • • 



4. Here the Radius of Convexity exceeds 
fy^ of Concavity j but if they are *j»<?/> then 

H 3 wi.U 
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will the Diftance of the Focus be equal to the 
Diftance of the Radiant, and negative and 
virtual ; for the Rays will proceed with the 
iamb Degree of Divergency as they bad when 
they fell on the Glafs* for in this Cafe, all 
that is effected by the convex Surface. AEB, 
is deftroyed by the equally concave one G I H, 
See Theor. 57. 

5, And univerfally, in the Cafe of 0>n^ 
verging Rays, as the Produdfc of the Diftance 
of the Radiant into the Radius of Concavity is 
lejs } equal to, or greater than the Produft of 
the faid Diftance into the Radius of Convexity, 
added to twice the Produdt of the Radii into 
each other, the Focus will be negative, infinite! 
or affinitive. 

6. C a s e II. Qf Parallel Rays, Scheme 
2. Every thing befides remaining as before, 

the Focus of thefe Rayi are found by *W« 
fhgrt 

R U L E. 

Divide twice the Pwduft of the Radii by 
their Difference, the Quotient will be the £ov 
cal Diftance fought, per Theor. $$. t 

V 

7.2 X, 
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7. EXAMPLE. 

Let the Radius of Con- 1 

vexity be CE = J '* ~" ~" *5 
The Radius of Con- I . , 

•cavity be KI *= /^ ' ^ 

Produtf: — — . — — 90 9 Diff. 

2 



Twice the Product — 180 

Then 9) 180 (20 = f E, the focal Di- 
18 ftance required, 

viz. .2 Inches. 



• • 



8. As the Radios of Convexity is greater, 
equal to, or lefs than the Radius of Concavity, 
the Focus of thcfe Rays will be negative, in- 
finite, or affirmative, as is plain from the 
Theory, In the laft Cafe therefore^ viz. 
when the Convexity is lefs than the Concavity, 
a Menifcus Lens will become a burning Glafs. 

9. Cask III. Of Converging Rays, Scheme 
3. The Rule for finding the Focus of thefe 
Rays is the fame as above for diverging ones ; 
and as to the Nature of the Focus, it will be 
negative, infinite, or affirmative, according as 
the Product of the Diftance and . Radius of 
Convexity is leffer, equal to, or greater than 
the Ptodudt of the Diftance into the Radius 

H4 of 
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of Concavity, added to twice the Product of 
the Radii into each other, per Theor. 56. 

10. EXA MPL E. 

Let the Radios qf? 

Concavity KI = \ *5 r M 

The Radius of Con- 1 , , c . 

vexity CE= \ 6---- 6 >b. 

•■■■■■—■■» naMaai 

Produdt — — — 5>q 9 Diff. 

Multiply by — — 2 20 ±=dE 



180 7 a JJ 

Twice Prod, of Radii 180 - - - 180 J Aa 
Multiply by the Di- 1 — — . . r 

fiance dE = J 2 ° 3 6 ° Dl * lfor 

The Dividend — 3<Soo 

Then 360) 3 600 ( 1 o = F I, the focal D\- 

360 fiance required, viz. 

I l Inch, and the Fo- 

i v ! ° v cus affirmative. 



1 1. If the Radii of Convexity and Conca- 
vity are equal, the Focus of Converging Rays 
will be at the Diftance of the Radiant and 
affirmative; that is, the Rays in this Cafe 
will pais on after Refradion with the fame 
Degree of Convergency as they before h^ 
fer Theor. 59, 

-12. When 
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CHAP. B, . 

7%e Rules which determine the Diflance of an 
Objeft tbatjhall bear any afligned Proportion 
to it's Image formed by a Con ve x Lens. 

I. TN Plate XX, FG is a doable and equally 
X convex Lens, C the Center, C £ the Ra- 
dius, C £ A the Axis, O B an Object placed 
at right Angles therewith, and I M the Image 
formed by the faid Lens. Suppofe now it were 
required to know at what Diftance the^Obje<9: 
(hall be placed, that it may bear the fame Pro- 
portion to it's Image, as 40 to 10 5 this is the 

R U L E. 

Add together the Numbers exprefling the 
Obje<3: and it's Image, multiply their Sum bj 
the Radius of the Lens ; divide that Pfodu<3 by 
the Image, the Quotient will be the Diftance 
of the Objed required, per Theor. 1. Chap. II. 

a. E X A M P L E I. 

The Object is — — 40 
The Image.— •*- 10 

Their Sum is -■**• — 50 

Let the Radius CE = 10 

Then 10) 500 (50 = E A, the 
50 Diftance of the 

Objedt, viz. 5 

11° Inches. 

3. E X- 
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3, E X A MP L E II. 

Suppofe I have a double and equally convex 
Lens, the Radius being 3 5, and I would have 
an Image formed in Proportion to the Qbjeft, 
as 15 to 275; Query at what Pittance the 
Objeft muft be placed ? 

The Objeft is ~ 27s 
The Image it. *— i£ 



Their Sum is *— 290 
Mult, by the Radius 3 5 



*45° 

870 



Pivide by 15) 10 150 (676* the Pittance 

90 of the Objedt, viz. 

■ 67 4 Inches, and 

11 5 a little more, 
105 

IOO 
90 

IO 

4. E X A M P L E HL 

Suppofe I would have an Image equal to 
the Objeft; Query the Pittance of the Ob- 
ject ? In this Cafe the Objedt muft be placed 

ft the Pittance of twice the Radius of the 

Lens,; 
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Lens, per Theor. 17. And then will the Pi- 
ttance of the Image be the iamb alfo, per 
Art. 6, Chap. IL. This Problem of making an 
Image juji as large as the Life, may be found 
very ufeful to Painters, Defigners, &c. on ma<- 
ny Occafions, as will appear farther on. 

5.EXAMPLE Vf. 

Suppofe I would have an Objeft magnified 
in Proportion 15 to 150, that is, of 1 to 10, 
by a Lens of 3 h Inches Radius. Then may 
the Diftance of the Radiant or Objedt be found 
in the Manner as above. Thus. 

The Objed 15 

The Image — — 1 50 

'Their Sum — — 165 
Multiply by Radius 3 5 



825 

495 



Pivide by 150) $jj$ (38.5, the Diftance 

450 of the Objedt, 
' w *k 3 tzo Inches 

izoo 

75° 
75° 



... 



6. EX- 



; » 
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6. EXAMPLE V. 

Let there be a fmall double Convex, whofc 
Radius is 5, or i of an Inch, and let it be re- 
quired to find at what Diftance an Object 
muft be placed, that it's Image may be 6 times 
larger than itfclfj proceed as above. Thus. 

The Objed is — 1 
The Image is — 6 



Sum is — — 7 
Multiply by Radius 5 

Divide by 6) 35 (5.8, the Diftance re-r 

30 quired, viz. 7— 
. ' of an Inch. 

48 



7. Thefe Examples are fufficient to (hew, 
that any Objedt may be magnified or dimi- 
nished in any given Proportion by a convex 
Lens, with an affirmative Focus, viz. on the 
other Side of the Lens. That is, the Image 
will be leffer, equal to> or greater than the 
Object, according as the Diftance of the Ob* 
jedt is greater \ equal to, or lejfer than twice 
the Radius of the Lens. 

8. The lame Rule holds good for a Piano- 
Convex Lens, only with this Difference, that 

the 
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the Diftance of the Objc<fl will be always 
twice as great as for a Double Convex of the 
fame Radius. Thus an Objeft is diminifbed, 
made equal to the Life, or magnified, accord- 
ing as it is placed at a Diftance greater, equal 
to, or lefs than 4 times the Radius, or twice 
the Diameter of the Sphere, of which the 
Piano-Convex Lens is a Segment All which 
is evident from Theor. 4 and 18. 

9. If the Image be required on the lame 
Side with the Objeft, the Theorem which 
finds the Diftance of the Object for an . at 
figned Proportion between it and it's Image, 
is thus exprefled in Words. 

RULE. 

From the Image take the Objeft, multi- 
ply the Difference by the Radius ; divide that 
Produdl by the Image, the Quotient is the 
Diftance required, per Theor. 16. 

10. From the Rule it is evident the Image 
muft, in this Cafe, be always greater than the 
Objedt, which therefore cannot be diminiihed 
at a negative Focus, nor ever equal to it's 
Image, but at the Vertex of the Lens. 



ii- EX- 
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11. E X A M P L E. 

Let (here be a double and equally convex 
Lens, whofe Radius is 40, or 4 Inches j and 
let the Image be to the Object as 50 to 10 j 
it is required to find the Diftance of the Ob- 
jc&.fbr that Furpofe, Proceed thus accord- 
ing to the Rule. . 

From the Image — 50 . 
Take the Obje<3 — 10 

The Differerence is 40 
Multiply by Radius 40 

Divide by 50) 1600 (32 = the Diftance 

150 of the Object re- 

. quired, viz. 3^ 

I0< ? Inches. 
100 



- 



12. The Diftance of the Objeft will al- 
ways be lefs than the Radius for a negative 
Focus ; and when it becomes equal to the Ra- 
dius, the Image is then at an infinite Diftance, 
and infinitely larger than the Object 

13. In this Refped alio, every thing is the 
fame in a Piano-Convex y but the Diftance of 
the Obje& ; which is, for the fame Data, al- 
ways double to that for a double Convex of 
equal Radii. 

14. The 
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14. The Objedt hitherto confidered is fbp-s 
pofed to be & L/^, or fimple Length of any- 
thing; if the Superficies of any Obje<a be 
confidered that will be altered in a duplicate 
Proportion of the Length or Breadth ; that is, 
according to the Square thereof: Thus if the 
Length of an Object be magnified or <iimi- 
nilhed 2, 3, 4, 5, &c. times, the Superficies 
of that-Objedt will be magnified or diminished 
4, 9, 16, or 25 times, becauie thefe Numbers 
are the Squares' of the others. 

1 5. But I (hall give a Rule that will find 
at what Di ft a nee an Objedt mull be placed, 
that it's Surface {hall bear any afligned Pro- 
portion to the Surface of the Image ; and is 
as follows. 

RULE. 

Divide the Objedl by the Image, and muU 
tiply the Quotient by the Square of the Ra- 
dius ; and to the fquare Root of that Product 
adcUthe Radius ; the Sum is the Diftance of 
the Objedt required, per Theor. 2. 

16. E X A M P L E. 

Let there be a double and equally convex 
Lens, whofe Radius is 30, or 3 Inches; and 
let the Surface of the Objed be to that of 
the Image, as 1000 to 10 ; to find the Di* 
ilance at which the Objedt muft be placed for 
that Purpofe. Proceed thus by the Rule. 

Image 
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Image Objed 
10) 1 000 ( 1 00 Quotien t. 

100 900 = Radius Square. 

• • * o 90000 (300 = Square Root 

3° ' 

330 = DUt fought. 

17. Hence it appears, thai if an Obje& be 
placed 33 Inches from the Lens, the Surface 
of the Image will be an 100 times lefs than 
it's own. If this Objeft were a Circle or a 
Square, the Diameter of the Circle or Side of 
the Square would be 10 titpes lefs in the 
Image than in the Objedfc at that Diftance. 

18. By Theor. 3. we have a Rule for the 
Diftance of Obje&s for any. afligned Propor- 
tion of the Solidities, or Bulks ; and is as 
follows. 

RULE. 

Divide the Objedfc by the Image, multiply 
the Quotient by the Cube of Radius 5 to the 
Square Root of that Product add the Ra- 
dius, the Sum is the Diftance of the Objeft 
required. 



19. E X- 
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. 19. EXAMPLE. 

Let the Radius of the Lens be 30, the So- 
lidity or Bulk of the Object be to that of the 
Image 1 0000 to 10; the Diftahce of the Ob- 
ject is found as per Rule. 

Image Obje& 
10 ) 1 0000 ( 1 000 Quotient. 

9000 = Cube of Radius. 

9000000 ( 300 Cube Root. 

30 = Radius. 

330 = the DifL 
of the Objedt. 

20. Here again the Dilknce is the fame as 
before, viz. 33 Inches. At that Diftance 
therefore the Length of an Objedt will be di- 
minifhed 10 times, the Superficies an 100 
times, and the Solidity 1000 times, which is 
according to the Simple Square and Cubic Pro- 
portion, as it fhould be by the geometrical 
Do&rine of Menfuration. But enough . of 
thefe Matters, which are of more Speculation 
than Ufe. / 

2*1. When the Diftance of an Obje&, and 
'the Proportion thereof to the Image is given ; 
the Radius of a double and equally convex 
Lens is found by the following Rule. 

RULE. 
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RULE.' 

* 

Multiply the Diftance of the Qbje& by the 
Image ; divide that Product by the Sum of the 
Objed and Image ; the Quotient is the Ra- 
dius fought, per Theor. 20. 

2I.EXAMPLE. 

Let the Diftance of the Objed be 330, the 
Proportion of the Object to the Image that of 
100 to 10, or 10 to 1. 

Then multiply the Diftance 330 
By the Image — — .— . — 19 

The Produd — — ■ — 3300 
Divide by the Sum of 7 N , ^ . 

l£L fought, 



• • • 



o viz. 3 
Inches, See Art. 27. 

23. For a Piano-Convex the Radius will be 
found juft half as long, becauie you muft then 
divide by twice the Sum of the Objed and 
Image, per Theor. 21. 

24. If the Diftance of the Objed, and Ra- 
dius of thfe fame Lens be known, the Pro- 4 
portion of the Objed to the Image is then 
known by the following 

I 2 ANA- 
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CHAP. 



ANALOGY. 

* * 

AstheDiftance leflened by the .Radius, is 
to the Radius ; 

So is the Objed to the Image, per Theor. 24. 

25. EXAMPLE. 

Let the Diftance of the Objeft be 330, die 
Radius 30 ; then the Diftance leflened by the 
Radius is 300; and therefore as 300 is to the 
Radius 30/ fo is the Objedt to the Image, 
but 300 is 10 times greater than 30, therefore 
the Object is 10 times larger than the Image. 
For a Piano-Convex, inftead of Radius you 
mud take the Diameter, or double Radius, 
per Theor. 21. 

26. It is evident from the Scheme, that the 
Qbjed: fecn at an affirmative Focus is inverted, « 
but at a negative Focus it will appear in it's 
proper Pofition ; the Reafon of which was 
made plain in the Theory, and thefe are the 
principal Properties' of Convex Lenfes. 
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CHAP. X. 

7lhe Rules which determine the Dijiance 
of an ObjeEi for any ajftgned Pro- 
portion between it arid its Image > 
formed by a Double-Concave, Plano- 
Concave, and a Menifcus Lens. 

i.TpROM the Theory it appears, that 
JP Diverging and Parallel Rays can have 
no affirmative Focus in a Doable or Piano- 
Concave Lens. Therefore all Obje&s will have 
their linages formed at a negative Focus, or on 
the fame Side of the Lens with themfelves. * 

2. The Rule therefore for finding theDi- 
ftance of the Objed that fhall bear an affigned 
Proportion to it's Image formed by a double 
and equally concave Lens, as that in Plate XXI, 
is as follows. 

RULE. 

From the Objed fubftraft the Image, mul- 
tiply the Remainder by the Radius j divide that 
Produdt by the Image, the Quotient is the 
Diftance required, per Theor. 7. 

3. E X A M P L E. 

Let it be required to find the Diftance of 
an Object that fliall be in ( Proportion to it's 

I 3 Image, \j 



■&■■ 






UK 
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Image, as 40 to 10, by an equal and double 
concave Lens, whale Radius is- k>, or 1 Inch. 

The Object is 40 = OB 

SubftraQ the Image 1 o = I M 



Remainder — -<— 30 
Multiply by Radius 10 



CE 



•500 

Then 10) 300 (30 = A E the Diftance 

30 fought, :tfeV. 3 Inches. 



»■ 1 1 



• • 



4. In a Planoconcave all other things re+ 
maining the feme, the Diftance will be twice 
as great, by Them. io. 

5. If ycu would find the Superficies or So- 
lidity of an Objeft dircftly, the -Rules are the 
lame as in Chap. X# Art. 15 and i8> only as 
there yon aided the Radius to the Square and 
Cube Root, here you muft fubftraSi it See 
Theor. 8 and 9. 

6. If the Diftance of an Objed A E, and 
the Radius CE of a double and equally con- 
cave Lens be known, the Proportion betweeA 
the Objetft and Image is alfo known by this 

ANALOGY. 

As the Diftance added to the Radius, is to 
the Radips ; r 

So is the Obje<3 to the Image 

7. EX- 
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4 

* 

7. EXAMPLE 

Suppofe the Diftance AJ£ = 30, and the 
Radius CE 5= 10 ; then will, the Qhjc<3; J>e 
to the linage,; as £o added to 10, viz. 40 to. 
10, 0/ as 4 td 1 ; that is, it will be 4 times as 
large, in Piano-Concaves y6u muft ufe twice, 
tie Radius, thus; « : 

8. As the Dift^nce added . to twice the Ra- 
dius, is to twice the Radius j \" 

So is- the ,Qbje& to the Image* Theor. zj. 

9. In* Double and Piano-Concaves it appears, 
both from the ftbcwy'vnA the Scheme, that the 
Image ,wiJl ^always be Zd5 than .the Objeft, 
on the \ fame Side with itlelf; eretf, or in the 

fame Ebjkton ; and evet ^Between the Lens and 
it's Center C 5 till the pittance of the Objed 
become infinite, and then the knage will be 
formed in the very Center, as that of the Sun, 
and all vaftly diftant Objedts, h feen to be ; 
and thefe are the chief Properties of Concave 
Lenfes. . 

10. A Meniscus Lens, whole Radii of 
Convexity and Concavity are unequal, and be- 
ing expofed on the convex Side to the Objed:, 
will magnify or diminish an Object in any af- 
fignable Degree, at an affirmative Focus ; pro* 
vided the Radius of Concavity exceeds the 

Radios of Convexity. This is evident from 
-'-•"- I4 Theor. 
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Theor. 13, which gjves the following Role for 
the Diftaace of the Object, viz. 

RULE. 

* 

Multiply the Sum of the Objed and Image 
by twice the Produd of the Radii; divide 
that Product by the Difference of the Radii 
multiplied by the Image, the Quotient is the 
Pittance fought. 

n. EXAMPLE I. 

Let the Radius of Convexity be io, the Ra- 
dius of Concavity 25, and the Proportion of 
the Objed to the Image, as 4 to 1. 

Then{ 2 5 — ^ ?J**4 

I 10 7-,/— 10 Image 1 

Product 250 15 Diff. Sum 5 

a, 



1 



500 
5 



15) 2500 (166 the Diftance fought, viz. 
15 16 £ Inches. 

100 
90 

' JOO 

12. EX- 
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12. E X A M P L E II. 

Let the Object be magnified in the Pro- 
portion of 4 to 1, by the fame Lens. 



Thcn { 10 



25 Objeft 1 

10 Image 4 



Produd 250 15 = Diff. Sum 5 

2 4 = Image 

coo 60 % 



60) 2500(41 = the Diftance nquin* 

240 <vtz. 4— Inches* 



M« 



JOO 

60 * 

4 

40 

13. EXAMPLE III. 

Let it be required to have the Object and 
Image equal by the fame Lens. Then 4 
times the Product of. the Radii divided by 
their Difference, gives the Diftance of the 
Obje£, thus; 



*S 



^1 
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2 5 25 

10 — *— 10 



. Product 250 15 

4 . 

15) 1000(66 a=s the Diftance, viz. 6-^ 
90 Inches. 

100 , 
90 

10 

a. 

14. If the concave Side be turned to the 
Objeft, ^nd the Iftljge required at an afiirmative 
Fg$us, the Rule is ft ill the fame, lave only that 
in this Cafe, the Radius of Convexity muft 
exceed the Radius of Concavity, as is plain 
from Theor. 14. 

15. If the convex Side be towards the Ob- 
ject, and the Image required at a negative 
Focus; th$n you muA multiply with the Dif- 
ference of the Object and Iitoage inftead- of 

their Sum; and if the Radius of Convexity Jbe 
great eft, the Obje& cannot be magnified ; if, 
kaft y it can't bexiiminifhed. 

<i 6. But if the concave Side be towards the 
Objedt for a negative 1 Focus, then if the Ra- [ 
dius of Concavity be greateft> the^ Objfcdfc can-' 
not be magnified-, nor diminijhed^ if it be 
kail. 



!.-t 
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17. If the Radii of the Surfaces are equal, 
the Menifcus can neither magnify or diminifh 
an Objedt, as appears by. Theor. 15. Be- 
caufe, in that Cafe, all . that is effeded by one 
Surface is deftroyed by the other. . ••* - t 

18. An Objedt appears ereft at a negative 
Focus, and inverted at an affirmative one. 
And thefe are the chief Properties of Menifcus 
Lenfes. 

19. A Plain Lens, or Piece of Glafs, 
both whofe Surfaces are perfectly plain, will 
magnify an Objedt in proportion to it's Thick- 
ness^ according to the following 

« 

ANALOGY. 

* As the Biftance of the Object, is td tte 
(aid pittance increafed by two Thirds of tjic 
Thicknefs; 

So is the Objedl to it's Image. 

20. EX AMP L %' 

Suppofe a Piece of Glafs be /- of an Inch 
thick, then will an Object at one Inch Di- 
ftancc be to it's Image feen through the Glafs, 
as iojto 12, in Length, in Surfaces as 100 to 
144, and in Bulk or Solidity as 1000 to 1728. 
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PART III. 

■ 

Of Dioptric Inftrumcnts and 

Machines. 



iMMMtl 



CHAP. L 

Of the Stru&ure of the Eye ; and bow 
Vifion is performed thereby. 

i.TPHE Defcription of the Eye, I hctc 

JL intend, 4 is rather Optical than Anato- 
jnicai ; as taking Notice of thofe Parts only 
which regard Vtfion y and affift more or le& in 
effecting it. 

2. In Plate XXII. Fig. i. reprefents the 
Ball or Globe of the Eye, or rather a Sedion 
thereof through it's Axis. The Form of the 
Eye is too well known to need Defcription ; 
it's Parts arc of two Sorts, viz. Coats and Hu- 
mours* of which in Order. 

3 . The Coats or Teguments of the Eye are 
the external Parts which contain the Humours, 
and are in Number 6, viz. The ConjunSUva^ 
Sclerotica > Cornea, Cboroides, Uvea, and Retina. 

4. The 
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. 4. The tunica Conjunctiva is common to 
the Eye-lid, and Ball of the Eye, which it 
firmly conn efts together, and makes what is 
called the White of the Eye. 

5. The Sclerotica is the firft or outmoft of 
the proper Coats of the Eye reprefented by 
AEDB, Fig. 1. This Coat is thick, hard, 
and faiooth, and on the fore-part is tranfpa~ 
rent where it forms 

6. The -Cornea, or horny Coat, becaufe it 
refembles a thin Piece of tranfparent Horn, 
and is more protuberant than the reft ; repre- 
fcnted by AB. By this Part the Light firft 
enters the Eye. 

7. The Cboroides lies under the Sclerotica, 
is much thinner than it, and on the fore-part 
thereof, between Q^and Q^is ■ 

8. The Uvea, fometimes called the Iris, 
which is of various Colours in different Per- 
fons ; and in the middle has a round Hole, 
viz. I L, called Pupilla, or the Pupil of the 
Eye, by which the Light has admittance to 
the internal Subftance of the Eye. 

g. This Iris is of a round Form, is com- 
pofed of two Orders of Fibres, one Circular, 
the other Strait, tending towards the Center 
of , the Pupil, like Radii towards the Cen- 
ter of a Circle. By means of thefe Fibres, 
the Pupil is enlarged or contra&ed according 
as greater or lefler Light is required. 

10. The Retina is not properly a Coat of 
the Eye, being only a fine Expanfion of the 

j optic 
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Optic Nerve over the Bottom of the Eye, 
nearly oppofite to the Pupil. On this delicate 
Membrane are painted the Images of Objects 
formed by the CryftaUine Humour. It*s Re- 
prefcntation is at S, 8, 8. 
. ii. The Humours of the Eye are three; 
the aqueous or watery Humour, the CryftaUine, 
and the vitreous or glajfy Humour. The A- 
queous Humour hath very much the Appear- 
ance of Water \ it makes the Eye globular on 
the fore-part, lying immediately under the 
Cornea, and is denoted by QCtSL 

12. The CryftaUine Humour lies next the 
Aqueous behind the Uvea, oppofite to the Ptf- 
pil\ reprefented by NOP. In Form it re- 
iembles a Double-Convex Lens, being fbme- 
what more convex on the external, than on 
the internal Surface. It is connected to, and 
fufpended by the Ligamentum Ciliare M N f 
M N, on the third Humour, called 

13. The vitreous or glajfy Humour ; this is 
the largeft in Quantity, making the hinder 
and far greateft Part of the Globe of the Eyej 
reprefented by R R R. It is contained with- 
in a fine Membrane, and over all the fpherical 
Superficies thereof is fpread the Retina in a 
moft fine and curious Manner, quite to the 
Ligamentum Ciliare. 

14. Thefe are conftituent Parts of the Eye ; 
the Ufes whereof, with regard to Vifion, I 
(hall now more particularly defcribe. But (hall 
firft premife, that clear and diftinSi Vifion is 

produced 
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produced only by Parallel Rays, or fuch as art 
nearly fo. For thefe Rays have but one de- 
terminate Focus, whereas the Focus of Di- 
verging Rays is as various as the Diftances of 
Objedts, and therefore can't produce Vifion ia 
a Machine of a fixed and determinate Form 
and Pofition, as that of the Eye is well known 
to be. 

15. Now in order that Rays, which pros- 
ceed from near Obje&s, may be nearly Pa- 
rallel, that they might render fuch Objedts 
diftin&ly vifible, it was neceflary that the A- 
perture of the Eye, by which they were -to be 
received, fhould be very fmall, that fo the 
Bafe of a Cone of Rays, proceeding from any 
Point in fuch an Objedt, being very fmali in 
proportion to the Length of the faid Cone, 
that part of the Cone at the Entrance of the 
Eye might differ very little from a Cylinder of 
Rays ; or, which is the fame thing, their Di~ 
vergency fhould be fo very fmall, that they 
might differ very little from Parallel Rays. 

16. To illuiirate this Matter, let CD, 
Fig. 2 . be the Diameter of the Pupil or A- 
perturc of the human Eye ; and O a Point at 
the Diftance of 6 Inches draw the Rays OC, 
OD* and let AC and BD be Parallel Rays. 
Now it is evident, that becaufe C D is very 
fmall in refped of C O, the Divergency of 
the Rays OC, OD, is fo very fmall alfo at 
the Pupil C D, that they almoft coincide with 
the Parallel Rays AC, £ D, at their Arrival ; 

I and 
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and therefore may be efteemed as fuch, and 
will produce diftintt Vifion. 

17. But were the Point O nearer to the 
Pupil CD, or if the Pupil were larger, in 
either Cafe, the Rays would fell more diverg- 
ing on the Eye, and the Images of Objects 
would be formed at a Point beyond the Bot- 
tom of the Eye ; and fo their Pi&ures on the 
Retina would be very imperfcft, and . confe- 
quently Vifion would be very indiftin& and 
con fu fed. 

18. Hence it appears why we can never fee 
any thing diftinftly at a lefs Diftance than 
about fix Inches by the bare Eye ; and alfo 
why Objects at all confidcrable Diftances, ap- 
pear diftinS and perfe<a : But all vaftly di- 
ftant Objeds appear both indiftinft and ob- 
fcure. They appear indiftinSl y becaufe their 
Images in the Bottom of the Eye are fo ex- 
tremely finally that the Diftin&ion of Parts is 
imperceptible to the Mind it felf, all the Parts 
taken together making as it were but one 
phy fical Point Thus if a Man of 6 Foot 
Stature were to be viewed at the Diftance of 
a Mile, his Image on the Retina would be but 
the thoufandtb Part of an Inch in Length ; no 
wonder then if his Eyes, Nofe, Mouth, &c 
appear indifcernible in a Pi&ure of fuch ex- 
treme Miniature. 

19. They appear more or lefs olfcure, ac- 
cording to their Diftance or Degree of Light ; 
for Obje&s at a g^eat Diftance are feen thro* 

a greater 
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a greater-Quantity of the Medium, than thofe 
at a fmall one ; and therefore the Rays, by a 
greater Refra&ion, will be much more effete, 
and produce a mQre obfeure Vifion in the far*- 
mer than in the latter Cafe. 

20. Again, it is well known, that all Ob- 
jects appear bright or obfeure, according to the 
Degree or Quantity of Light with which jhey 
are illuminated ; thus diftant Objedts, in a 
cloudy Day, appear dark and obfcure, where r 
as, when the Sun {Lines full and ftrongly up- 
on them they appear clear and bright. 

2 1. I {hall now obferve the Method Nature 
takes in effecting Vifion by the Eye \ and how 
every Part is made fubfervient to fp noble a 
Purpbfe and Service. > 

22. Suppofe then CD were parallel Rays, 
falling on the Eye at AB, Fig. 3. The Ar 
queous Humotir Qbeing about the feme Pen- 
fity with Water, and of a Convex Surface, by 
means of the Cornea AB, the Rays CI? 
would be made to converge towards a, Point 
F, at the Diftance of 4 times the Radius of 
the Convexity of the Cornea, if there were no 
other Medium to prevent it; this is evident 
from the Theorem in Chap. I. Art. 6. of 
Part II. 

23. But the Point F being beyond the Bot- 
tom of the Eye, makes it neceflary that fome 
other Body, of greater Denfity, fhould be in- 
terpofed ia Form of a Convex Lens, to ga- 
ther them to a Point nearer the Eye, and yet 

K a little 
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a Httle beyond it ; and this is effe&ed by the 
CryfialMm Humour NN, 
. 24. I (aid * /itf/r &y<W fl&* Eye t becanfe 
Nature determining the Bye to be of a globou* 
Form, and for that Purpofc having filled aM 
the hinder Part with a Medium RR, of a 
k& Denfity than the other Medium N N, and 
of a Concave Surface where it received the 
Rays, the Ray muft ncceflaxily be ftill more 
converged by this Medium, which is the Vi- 
treous or Glafly Humour 5 and therefore had 
the Cryftalline Humour thrown the Rays jujt 
on the Bottom of the Eye, the Vitreous Humour 
muft have converged them to a Point be- 
hither it > and fo would have made the Vifion 
indiftinft and confufed. 

25. The Penfity of the Vitreous Humour 
therefore is fuch, that the Rays are united at 
the Bottom of the Eye, on the Point S, where 
they paint the Image of the Object on the 
Retina, and in that Cafe only, produce <&- 
finSi Vifion. 

26. Since with Regard to Ohjefts at diffe- 
rent Diftances, thofe which are neareft will 
have their Foci, at a farther Diflance from 
the Cryftallinc Humour, than thole which are 
farther off; therefore a Power is given to the 
Eye to alter the Form of the Cryftaliine Hu- 
mour, viz. To render it more or lefs Con*, 
vex, by the Mufcular Contraction and Rclaxa* 
tion of the Ligamenfum Ciliare, to which it 
fc connected, which alfo muft qccafion a 

greater 
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greater or leffer Concavity in the Vitreous Hu- 
mour ; by which means the focal Dijlance is 
lefiened for near Objedts, and enlarged for 
thofe farther off, and is fo nicely adjustable to 
the Retina, for all Diftance* of Objects, that* 
their Images are all exadtly painted thereon, 
in n natural or good Cortftitution of the Eye. < 

2j. In the laft Place, it has been obferved, 
that there is a Power of dilating and con- 
tracting the Pupil of the Eye,' by means of 
the Mufcular Fibres of the Iris 5 on this Ao 
count, if Bodies be fituated far diftant* the 
Pupil being dilated receives Rays more di- 
verging, and in a greater Quantity, and there* 
fore fuch Objeds appear more dijlinti and 
enlightened. 

28. On the other hand, if ObjedtS art Ac- 
tuated very near> or are extremely bright 1 the 
Pttpil is contracted, and takes in only the leaft 
divergent Rays, fo that the Objects are more 
diftinft; and, at the fame Time, the exifemt 
Brigbtnefs is dkriinifhed, fo as not to be of- 
fensive to the Eyes. 
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CHAP. II. 

Of the >P option of the Image in the 
Eye ; of the apparent Magnitude of 
ObjeSls. 



i.TJAVING folly explained the Na- 
JL X turc °^ Convex Lcnfes, and alfo 
largely (hewn that Vifion is performed in the 
Eye by Refradtion through the Cryjtalline Hu~ 
incur principally* which bears the Form of 
foch a Lens, it muft needs be very eafy to 
conceive, that the Images of all Obje&s are 
formed in an inverted Pofition in the Bottom 
of the Eye. 

2^ Thus in Fig. 4. Plate XXII. Suppofe 
OAB an Objeft, in an eredt Pofition before 
the Eye C D ; then will the Pencil of Rays 
OEIF, paint the Extremity O in the Point I, 
and the Pencil BFME, will paint the Extre- 
mity B in the Point M ; and fince all the 
Points between O and B are repreiented be- 
tween I and M ; 1 M will be the Image of 
the Objeft O B. Again, fince the Axis of the 
Pencils of Rays crofe each other in the Pupil, 
which is their common Bafe, the Image muft 

necefiarily 
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lieccflarily be painted in an inverfe Pofition^ in 
the Bottom of the Eye. 

3. Here conftantly occurs the Queftion, 
How it comes to pafs, Jince the Images of all 
ObjeSts are painted in the Eye irroertedly y that 
we fee them ereSl? To this fevcral Anfwers are 
given, but unfatisfaftory j I can think of no 
better way to account for this Paradox, than 
as follows. . 

4. If we fuppofe an Eye viewing the Point 
J, in the Image in the Direction of the Axis 
of the Pencil of Rays which paints it there, 
it will refer it to the Point O in the Objedt, 
and there behold, and contemplate it : in like 
Manner, the Point M would be referred to 
.the Point B, and by a fugceflive Application 
of the Eye to every Point of the Image, the 
whole Image I M will be referred to, and 
confidered in the Objedt OB. If therefore 
we conceive the Mind to be all Eye, capable 
at once of viewing every Point in the Image 
in it's requifite Directions, it muft neceflarily 
refer the Image in the Eye to the Objed: 
without it, which alfo will necefTarily caufe a 
Change of the Pofition; and therefore the 
Image, though inverted in the Eye, will be 
viewed and contemplated by the Mind in aa 
ereSl Pofition in the Objed. 

5. We now proceed to confider the appa* 
rent Magnitude of Objects; which here (hall 
be that of a Line, viz. it's Length. In Fig. 5. 
Let A B be an Object viewed diredly by the 

K 3 Eye 
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Eye QR • From each Extremity A and B, 
draw the Lines A N and B M* interfering 
each other in the Cryftalline Humour in I, 
bifeft A B in K, and draw I K $ then is the 
Angle A IK, half the optic Angle A IB, 
which is the Mcafure of the apparent Magni- 
tude or Length of the Objed AB. 

6. Divetje QfyeSls AB, CD, EF, wbofe 
real Magnitudes are very unequal, may he Jit 
tuated at facb Di fiances from the Eye, as to 
have their apparent Magnitudes all equal. For 
if they are fa fituated that the Raya AN, 
B M, /hall touch the Extremities of each, they 

"nvill then all appear under the fame optic An- 
gle A I K, which is equal to N I M, which 
determines the Magnitude of the Image MN, 
in the Fund of the Eye, the fame for them 
all i and therefore they muft all appear of an 
equal Magnitude. 

7. OhjeBs fituated at different Difiances, di- 
reii to the Eye, whofe apparent Magnitudes are 
equal, are to each other \ as their Dtftances from 
the Eye direiily. Let the Ohjeds be A B and 
C D, then becaufe the Right-angled Triangles 
CIL, and A IK, are fimilar, it will he, as 
IK:IL::AK:CL; but AK is half Aft, 
and C L half C D 5 therefore it will' be, as 
IK:IL::AB:CD. 

8. OifeSs of equal Magnitude, fituated di- 
re&Iy before the Eye at unequal Dijiances, will 
apfear unequal For let AB and GH be two 
Obj«a» dkc&ly before the Eye at different 

Diftances 



JWftancea I K and IS $ draw the Lines G P 
and H O crofTmg each other in I $ then it the 
optic Angle G IH, manifeftly greater than die 
Angle AIB, and the Image O P made by the 
former greater than the Image MN made 
by the latter. .Therefore theObjeft GH f ift 
apparently greater than the Objeft A H, tho # 
it is but equal to it 

9. Equal ObjeftsBtu&ted diteBtty ief4re the 
Eye at unequal Dijtancts y have their apparent 
Magnitudes reciprocally proportional to their 
Diftances* For let A B, G H, be two equal 
Objects at unequal Diftabces IK, IS, from 
the Eye produce I G arid IH till they inter- 
fed A B, each way produced in T and V* 
Then will T V be the apparent Magnitude of * 
G H, at the Diftance I K. Since the Trian- 
gles I S G and I K T are fimikr, we (hall have 
IS:IK:;SG;KT; bjitSG is equal to AK; 
therefore it will be IS : IK : : AK : KT. 

10. From what has been &id it appears, 
that there is no Standard of the true Magni- 
tude of Things* . All that w$ can be fcnfiblc 
of is the Proportion of Magnitude. And yet, 
notwithftanding the fenfihle Magnitude of 
things is ever mutable, and variet in propor- 
tion to the Diftance, we Scarcely ever judge 
any thing to be fo great or fmall as it appears 
to be, or that there is fo great a Disparity in 
the vifible Magnitude of two equal Bodies at 
different Pittances from us, 

K 4 4*. Thu» 
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CHAR III. 

Of the Faults or DefeSfs of Vifion^ and 
how they are remedied by Convex and 
Concave Len/es in Spectacles. 

I . T T has been already fliewn, that In order 
X to effedfc perfedt and diftindt Vifion, the 
Images of Objects are to be painted precifely 
on the Retina, in the Fund of the Eye, and 
that by Rays which are either parallel, or 
nearly fo, in a natural and good Configuration 
cf the Eye. 

2. But as it often happens, (for Nature her 
felf is not ever uniform to a Mathematical 
Nicety), that the Form of the Eye, but prin- 
cipally of the Cryftalline Humour, is fuch, 
that it is either a little lefs or more Convex than 
isjujl ; fo of Confequence the Focus, or Place 
where the Images of Objedts are formed, will 
be a little beyond or behither the Bottom of 
the Eye, which, in either Cafe, will prevent 
the Perfe&ion of Vifion, and render it indi- 
ftindfc and confuted. 

3. This Imperfedtion of Vifion is, in a 
great Meafure, remedied by the Succours of 
Art ; For if, by a vicious Formation of the 

Eye. 
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Eye, the Focus be made to fall on this or on 
that Side the Retina, yet Glafies may be form* 
cd to fuch a Degree of Convexity or Conca- 
vity, that upon applying them to the Eye, 
the Focus (hall be truly adjufted to the Re- 
tina, and thereby caufe diftindt Vifion, 

4. Thus fuppofe the Cornea CD, (See 
Fig. 6.) or the Cryftallme EF, or both, fhouki 
chance to be too fiat, either from Nature* or 
(what is moft common) from a Deficiency of 
the Aqueous Humours through Age, in Pref- 
byta, or Old Men, fo that the Rays which 
proceed from any Point A, are made to 
converge at a Point a, beyond the Eye, and 
thus caufe a confufed ana imperfed Vifion; 
I fay, this Imperfe&ion is cured, in a good 
Meafure, by Convex Lenfes in Spe&acles, 

5. For from what has been {hewn of Convex 
Lenfes, it is evident, (1.) That Rays coming 
from a diftant Point A, and fell diverging on 
a Convex Lens GH, are thereby ma(fe to 
proceed left diverging than before. (2.) Thofe 
Rays which are lefs diverging, have their. Fo- 
cus nearer to the Lens, than thofe which are 
more fo. Confequently the Rays, which pro- 
ceed from the Point A, are by the Interpofi- 
tion of the Convex Lens G H, juft before the 
Eye, made to fall lefs diverging on the Cry- 
ftalline E F, and therefore will be converged 
to a Point b, nearer thereto than the Point a ; 
and the Convexity of the Lens G H may be 
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fuch, that the Point b (hall be prccifcly on 
the Retina, and fo caufe dtftinSl Vifon. 

6. For this Rcafon Pre/by ta, or old People, 
always make ufe of Lcnfes more or Ids convex 
in their Spectacles, as their Byes are flatter 
or rounder. And here it is to be obferved, 
that ObjeSs appear brighter, as well as more 
diftimft, by means of Convex Lcnfcs; for as 
much as they bring the Diverging Rays hearer 
together, fome which otherwife would have 
fallen without the Pupil, will now be brought 
within the Compais thereof, and fo a greater 
Quantity of Rays entering the Eye, the Ob- 
ject will appear more bright* 

7. Again, we farther obferve, that Objeffs 
Jem by SpeBacks of Convex Lenfes, appear to 

be more difiant than they really are. For the 
Rays which come from the Point A, being 
by the Lens GH made to proceed lefs di- 
verging, they will appear to come from the 
Point B, which is farther off, bccaule Rays, 
as they are more or lefs divergent at the Eye, 
come from Objed* which are nearer or far- 
ther diftant from the Eye. 

8. Hence alfo the Reafon is evident, why 
the older Men grow, the' more they lofe a 
diftind Vifion of near Objeds j fo that very 
flat Eyes can fee only diftant Objeds without 
Confafion : For when in Youth the Eye was 
Jo convex, as to form an Image of nigo Ob- 
jects on the Retina, in Age that Convexity of 
the Eye diminiftung, will caufe the Images 
^ \ af 
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♦of the fame Objedte to be painted at a Focus 
farther from or behind the Retina ; and thofe 
r Objefis only which are at a great Diftance, 
will have their focal Diftance ihort enough to 
fall oil the Retina 5 and fo thefe only can 
produce diftinSi Vifitm. 

9. On the other hand, if the Cornea CD, 
or Cryftalline E F, or both, (See Fig; 7.) be 
more convex thin* juft, the Rays which pro- 
ceed from a Point A, will be made to con- 
verge too foon; that is, to a Point a, which 
is between the Cryftal Lens EF, and the Re- 
tina ; and therefore muft needs produce a 
confufed Vifion. A Pcrfon who hath thefe 
Eyes, is called Myops y i. e. Moufc-ey'd ; but 
he is vulgarly faid to be purblind, or Jbort- 

Jghted. 

10. He is with good Reafon faid to be 
jhort-fighted \ for fince all diftant Objedts have 
the (horteft focal Diftances, and fo have their 
Images formed fhort of the Retina i they muft 
needs appear indiftindt and confufed. There- 
fore only thofe Obje&s, which are at a fhort 
or near Diftance, can produce diftinSi Vifion ; 
and that they do by having a longer focal Di- 

. fiance, and fo reach the Retina before their 
Images are formed. 

1 1. A My ops hath his Imperfe&ion of Sight 
greatly relieved by Concave Lenfes. . For fince 
Rays, which fail divergent on fuch a Lens, 
are made to diverge the more by Refraction 
through its therefore the Rays which come 

from 
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•om any diftant Objedt A, in pafiing through 
he Concave Lens G H, are made to fall more 
liverging on the Eye C D, and feem to pro- 
ved from a Point B, much nearer the Eye 
than the real Point A. - Since therefore the 
Radiant Point is brought nearer to the Eye, 
it's FocuS in the Eye will be removed farther 
from the Lens E F> and foch Glafles may be 
chofen as {hall exa&ly throw the Focus on 
the Retina at b, and there produce dijHnSt 
Vtfhn. 

12. From hence .we obferve, that Myops, 
or purblind People, ufing Spe&acles with Con- 
cave Lenfes, (1.) Do behold things at a nearer 
JDiJiance than they are. (2.) That Obje&s ap- 
pear lefs bright to them\ for the Rays being 
ibread wider by the Lens, they cannot enter the 
Pupil in fo great a Quantity as otherwife, and 
£0 the Object cannot be fo much enlightened. 
(3.) Their Eyes are amended, and made better 
by Age, contrary to what happens to all other 
People. For as the Fault of their Eyes pro- 
ceeds from a too great Protuberance of the 
Cornea, and Cryjialline Humour ; fo this and 
the Aqueous Humour lefiening by Age, di- 
minifhes the Convexity of the Eyes by De- 
grees, and renders them capable of viewing 
diftant Objects better and better. 
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CHAP. IV. 



Of the Camera Obfcura, or darkened 
Chamber r and the lnfiruments per- 
taining thereto ; by winch Meant the 
Images^ or PiSlures of external Ob* 
jeffsy are curioufly painted in their 
natural Colours and Motions. 

I. np H E Words Camera Obfcura, literally 
JL interpreted, is a darkened Vault or 
Roofi and from thence it came (with a little 
Difference) to fignify a Chamber, or Box> or 
any Place made dark for Optical Experiments. 

2. The Camera Obfcura is, tho* a fimple, 
ytt a very curious and noble Contrivance ; in 
as much as it moft clearly and naturally ex- 
plains the Nature and Manner of Vifion in 
the Eye, and, at the fame Time, entertains 
the Spectator wkh a moft exqnifite Pi&ure of 
the Objefts without, in their natural Propor- 
tions, Colours, and Motion, more vivid and 
beautiful than the Life it felf ; filling the Be- 
holder with Delight and Surprize. k '. - 

3. The Way of making a dark Chamber 
if very eafy, and not expensive, apd is as 
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follows. The Chamber or Room propofed to 
be darkened, fhould have Window-Shuts to 
each Window, which being clofe (hot, ihould 
be to trae to the Frame, as to exclude all 
Light poffible. 

4. In one of the Window-Shots there is to 
be a circular Hole cut, about 3 or 4 Inches 
Diameter, in fiich a Part thereof, as is judged 
moft convenient, and capable of taking in a 
good View or Profped of external Obje&s. 

5. In this. Hole is placed an Internment 
called ^ Sckptric BaM, which hath three Parts, 
m. A Frame, a Ball, and a Lens. The 
Frame confifteth of two circular Pieces of 
Wood, made fphericaHy hollow through the 
middle, and fere w into each other. In this hoi* 
low Part is placed a fpherical Bail of Wood, con- 
tained by the two Parts of the Frame fcrewed 
together, and is voluble therein more or le& 
eafify, as the two Farts of the Frame are 
lire wed left or more tight together. In this 
Ball is a circular Hole made thro' the middle^ 
which bath 9. Screw at each End, in which 
is placed and fixed a Lcn% either a Detdk or 
Plano-Cenvex. 

6. The SciMtic Ball of this Strudure, is 
a Sort of Artificial Bye, which very aptly re- 
prefents the Natural Eye in Form and Office. 
For (r.) The Frame or Socket anfwers to the 
Orbit or the Natural Eye. (2.) The Wwkn 
Bally which turns every Way in the Frame, 
refembte* the Qlob© of the Eye voluble every 
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Way in it's Orbit, (3.) The Hole through 
the Wooden Ball, rcprefents the Pupil of the 
Eye. (4.) The Convex Lens in the Ball, cor- 
refponds to the Cryfialline Humour in* the Eye. 
(5.) The Dark Chamber it felf, is like to the .\ 
internal Part of the Eye, which is lined all 
about, and under the Retina, with a Mem- 
brane, over all which is fpread a Mucus of a 
very black Colour. (6.) The White Wall, or ; 
Frame of white Paper to receive the Pidiurc 
of Objc&s on in a dark Chamber, is the true 
Representation of the Retina in the Eye. 

7. So that the Structure of the Scioptric 
Ball and the Eye is perfe&ly fimilar ; * and the 
lame Agreement will be found in the Offices 
of every Part of each. For (1.) The Frame 
of the Scioptric Ball is fere wed or tacked, up- 
on the Hole in the Window-Shut, as the Eye 
is fattened within it's Orbit by Mufcles. (2.) 
The Ball is voluble in the Frame every Way* 
to take in a View of Objects on every Side, as 
the Eye is in it's Orbit. (3.) The Hole in 
the Ball is, for the Admiffion of a competent 
Quantity of Rays, as is the Pupil in the Eye. 
(4.) The Lens in the Ball col led s the Rays, 
and unites them at it's focal Diftance, where 
it makes a Pi&ure of the external Object placed 
before it ; which is the Office of the Cryftal* 
line Humour in the Eye. (5.) The white 
Wall or Paper, held in the Focus of the Lens 
in the Chamber, is to receive and (hew the 
faid Pi&ure. of Objedts to Spe<ftators; as the 
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'Retina prefents to the Mind a View of the 
Pi&ure made on it by the Eye. (6.) The 
Chamber is made dark to render the Pi&ure 
vifible •, as for the fame Reafon, the internal 
Part of the Eye is furnifhed with a Hack 
lining. 

8. I (hall give an Illuftration of this Matter 
in a curious Scheme, which I have borrow- 
ed from Dr y sGravefande, (See Fig. i. Plate 
XXIII.) where EF reprefents a darkened 
Room or Chamber ; in one Side thereof I K 
is made the circular Hole V ; in which, on 
the Infide, is fixed the Scioptric Ball; at fome 
confiderable Diftance is exhibited a Profped 
or Landfkip of Houfes, Trees, &c. ABCD. 
The Rays which pafs from this Profped to 
the Lens V in the Ball, are- by it converged to 
their refpedive Foci, on the oppofite Wall or 
Side of the Chamber G H, where they all to- 
gether paint a moft lively and beautiful Pic- 
ture of all the Objeds in the faid Profped. 

9. This is Nature's Art of Painting, and 
it is with Eafe obferved, how infinitely fupe- 
rior this is to the fineft Performance of the 
Pencil. For, (1.) You have here the Per- 
Jpe&ive in Perfection ; that is, the juft Dimi- 
nution oi Objeds proportionate to the Diftan- 
ces, or the Proportion of the Images to the 
refpedive apparent Magnitudes of the Objeds 
to an Eye at V. (2.) The Colouring is here 
perfectly juft and natural [-, and not only that, 
but very much heightened, and rendered mo&e 

L beautiful > 
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beautiful ; thus green Objects appear more; /«- 
tenfely green in the Pi&ure ; yellow, red, blue, 
or white Flowers, appear incomparably more 
beautifully fo in the Pi&ure, (3.) The Lights 
and Shadows are not only perfe&ly juft, but 
alfo greatly heightened, and make the Images 
appear extremely prominent and natural . (4.) 
The Motions of all, the. Objefts are exa^ly. ex<- 
pre fled in the Picture; the Leaves quiver, the 
Boughs wave, the Birds^r, the People wfilk, 
the Cart is drawn, the Smoke afcends, the 
Clouds foar, the, Ships fail, &c. and all as 
natural as the Life, and much quicker, as it 
is performed in a letter Scene. 

1 o. Thefe are the inimitable Perfections of 
a Pt&ure drawn by Nature's H^tnd 5 in Com- 
panion of which, how ma$ % how cwrfe, 
how imperfeSt, yea, what forry. <foubing is the 
£oeft artificial Painting! S<dk<ftth$. peculiar 
Excellencies of the principal Artifts, the jufi 
Proportions of Raphael^ * the natural Tints of 
^itian^ the pure Stile of Corregio, tbs J}ec<h 
rum of Tibaldi, the Terrour of M Angela, 
the Air of Guide, the Defigning of the. Re- 
mans, the Shadowing of the Venetians* apd 
the Colouring o£ the Lombard^ all united, 
would; be unable to effedfc fo finifljgd . a Piece, 
in any Branch of their Art, as Nature cm 
exhibit with *Jingk hens only. The, Camera 
Obfcura is> at the feme Time,, the Painter's 
Atd and Reproach; from, hence he receives 
tijp beft lnftru&ipns; from hence hq learns 

his 
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his Imperfe&ions ; here he views whit he 
fliould do, and knows it is what he cannot 
do. 

11. There is one thing which may be 
thought an tmperfe&ion 11* the Pi<£ture of a 
0ark> Chamber, and that is, the inverted Po- 
rtion $ the Images; but, ftri&Iy fpeaking, 

this is not Co, becauie Nature has furnifhed us 
with feveral IVfethods to make the Pi&ure 
ere£i. For if it be a Sheet or Frame of Pa- 
per which receives the Pidure^ it is but hold- 
ing it before you, and looking downwafcfsoa 
it^. and every thing is right. * Or if you ftand 
before the R&ure, take a Imking*Crhfs, and 
hold it againfl your Bfeaft under an acute 
Angle, and looking therein you will fee all 
the Images of the Pi&ure reftored to their 
natural or ere& Pofition $ and not only ib, 
but the Refk&ion of the Mirrour will give it 
iucH a Glare or Lufce* as makes it ieem very 
furprizing and delightful This may likewite 
be done by facing, a large Comave Mirroqr 
before the Picture at fuch Diftance, that t&e 
Image of the Pi&ure ifaay appear before the 
Mirroor, which will then be ered; and peri- 
dint in the Air. 

12. There is another Method of erecting 
the Images on the Pidure, and more diredt 
than any of the foregoing, bat yet is neither 
fo eafy to be done, nor fo good if it be done, 
as it is by them ; and that is by placing ano- 
ther Convex Lens behind the raper or Pafti- 

L2 tion. 
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tion, which receives the firft Pidture at twice 
the focal Diftance of the faid Lens ; if then 
a Hole be made in the Partition to permit the 
Rays to pafs on to the fecond Lens, (which 
muft be placed in jthef Axis of the firft) there 
will be a Picture forced thereby, wherein the 
Images will be erefl, and as large as in the 
firft, but not fo bright, nor will the Field or 
Extent of the Pi&ure be confiderable; and 
therefore as this Method is feldom prafticable, 
fo it is as little worth while. 

1 3 . In making a Dark Chamber, the Glafs 
fhould not have too fmall nor yet too large 
a focal Diftance. For if it be too fhort, the 
Images will be very fmall-, and not diftindt 
and difcernable, and will befo near the Win- 
dow, that there will not 'be Room for a Per- 
fon to ftand to view it. The Lens fhould 
•have it's Focus at three Foot diftance at leaft. 

14. On the other hand, the focal Diftance 
of the Lens fhould not be too large $ for if it 
be larger than the Diftance of the oppofite 
Wall, your Defign will 'be fruftrated, as you 
can have nothing to receive the Pidture upon. 
And if your Room or Chamber be very large, 
yet will the Pidture be faint, and the Images 
lefspleafing on a double Account. For, (1.) 
The focal Diftance being very great, the 
Images will be proportionally large; and there- 
fore the more faint and obfeurc. (2.) The 
larger the focal Diftance, the larger the Dia- 
meter of the Lens, or the Hole in the Scioptric 

Ball, 
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Ball y which therefore will admit too much 
Lighr, for the Chamber to be fufficiently dark 
for Viewing the Pi&ure; and if you make 
thQ Hole fmaller, there will not enter Light 
enough to make the Images vifible at fo great 
a Diftance. 

15. The Focus then {hould not be at a lefe 
Diftance than 3 Feet, nor at a greater than 
15 or 20 at fartheft ; and thofe from 6 to 12 
are by much the beft of any. If it happens 
that your Lens be too ftiort a focal Diftance, 
you may magnify the Images to almoft what 
. Degree you pleafe, by viewing the Picture 
with a large Convex Lens in your Hand; 
by this means you may fupply the Want of 
Lenies of diftant Fpci, which are very fcarce 
and dear j and thus a Lens of 5 Feet may 
be made to anf^er the; End of one of 15 
Feet.- ' -v "*• , • 

16. A Dark Chamber ought never to be at- 
tempted but when the Sun Jhines ;, for it is rie- 
ceflary the Objefts, which are intended to make 
your Landfkip, (hould be ftrongly illuminated 
by the Sun-Beams ; otherwife the Picture, 
which ought to be vivid, bright, and beauti- 
ful, will appear obfcure, dull, and of a dirty 
Hue ; as the Obje&s themfelves would appear 
by Twilight. 

17. Whence it follows, that a SoutfaWih- 
dow is never fb be dfed for this Purppfe; be- 
caufe the Sun can never enlighten the"*Korth 
Side of the Objeft, which alone can be*takejr 

L 3 in 
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in by a South Window. Bcfidcs, the Son in 
this Cafe would be apt to fhinc an the Glafs, 
which would make the Pi&ure appear with 
a falfe or confuted kvftre, and therefor e yott 
ought to he very careful fdways to avoid that 
thing's happening. 

1 8. Ai> Eafi Win&w will do very well in 
the 4ftermm> as a Wejiern will for the Mwn* 
ing ; but none is £o good, or will make £q 
noble and glorious a Pjdhjre as a North Win* 
daw ahpijt Nopn ; for then the Svti being iix 
his Meridian Height, and fhrning with the 

peateft Strength and Splendor poflibk, the 
i&ure made in fuch a Cafe will far exceed 
all others in Vivacity, Beauty % and Lujirt. 

19, This nob}e Experiment is not pnly ad* 
mirably pleafing and delightful in it feu, but 
alfo very ufefui for many JPurpofes of Efufi- 
nefs, principally with Refped: to PerfpeStive^ 
pQi&itg* ^Jigningy &c f For whatsoever is 
to he drptam qr ptintfd, if if be firft espo&L 

to the Schptrk PaU> the Perfpeftive thereof 
will be truly formed, »nd the Lights and 
Sh*d<?w s for every Pofition, and A&ipn q£ 
the Qhje#s, will he reprefented juft a* they 

cwjght to he i« the Jfpages of the Pi#ure f la 

fhprt, the QQm?r# QbjeurQ j« the $ohool in 
which every Defigner and Painttr ought (0 
lgarn the fir ft Rudiments of his Art. He fan 
never, without this dvfc Education, turp <m 
% bright Proficient, £Io JnftrudUoa* cw come 
yp to tk>& of Nature i her tafooa *re all per- 
fect 
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fed Patterns and Enfamples, and every one ex- 
cels in Painting and Drawing fo much the more, 
by how much the truer he copies after them. 

20. And another great Convenience is, that 
the Pi&ure of Objeds may be made of any 
Size you pleafe, either fefs or greater than the 
Life, if the Obje&s be moveable. For if you 
place fhe Objedt farther from the Bail than 
twice the focal Length of the Lens, the 
Images will be lcfs than the Object ; if they 
are placed at juft twice the focal Length of 
the Lens, the Images will be juft as big as the 
Life 3 if they are placed nearer, the Images 
will be greater than the Life ; all which is 
manifeft from the Theory, and which I have 
before obferved in the practical Part. 

21. Alfo for immoveable Objedts, as thofe 
of Houfes, Gardens, Fields,- Trees, &c. if 
you have different Lenfes, you may form the 
Pi&ure of fo many different Sizes, the fhorter 
Focus making the lefler Pi&ure, and the larger 
Focus the largeft; But thefe Matters are fo ob- 
vious, that I need not farther infift on them. 

22. But the Ufe of the Camera Obfcura 
does not reft in Drawing and Painting ; but 
the Optician himfelf is greatly interefted there* 
in. By this grand Experiment he demon- 
strates ocularly the Principles of his Art. For 
by admitting the Sun-Beams thro' the Hole 
of the Window-Shut into the darkened 
Chamber, he can actually (hew the Focus of 
Parallel Rays by Refle&ioa from Concave 

L 4 Mirrours, 
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Mirrours y and by Refradtion through Convex 
Lenfes, to be juft as the Theory defines them* 
by holding thofe Glafles in the faid Beams. 
Thus alfo he (hews, that the Sun's Rays, after 
Reflection from Convex MiYrours, and after 
Refradlion through Concave Lenfes, are ever 
made to diverge agreeable to the Theory of 
Parallel Rays. 

23. Again, by holding a large Convex Lens 
in the Sun's Rays, he can by that means pro- 
duce Diverging and Converging Rays in any 
Degree, and To can prove the Truth of all 
thofe Properties of Convex^ Concave^ and Mr- 
nifcus Glafles, with refpedt to thefe Rays, as 
the Theory teaches. Alfo the Ratio or Pro- 
portion of the Sines of the jingles of Incidence^ 
and Refra&ion in Water, Oil, Glafs, &c. is 
eafily proved to be as it is ftated. 

24. The Reafon and Nature of ^tele/copes 
and Micro/copes is demonftrated to tho Senfes 
hereby ; for if the Glafles in either be taken 
out of the Tubes, and fixed at their proper 
Diftances, on a ftrait Piec^ of Wood, fo that 
the Sun Beams fall dire&ly and fully on the 
Objedt-Glafs, you will then fee the Forms 
they take in their Courfe thro' the Glafles 
fixed at their proper Diftances, to be fuch as 
the Theory points out, and . are neceflary to 
anfwer the Purpofes pf thefe Inftruments. 

25. But in making Experiments with the 
Sun-Beams in a Dark Chamber, fince thofe 
Rays fall with great Obliquity, efpecially in 

the 
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the Summer-Time, and fo the more inconve- 
nient for Ufe, the beft Way is to fix a fmall 
Plain Mirrour to the under Pari: of the Frame 
of the Scioptric Ball, immediately next the 
Ball itfelf, by a Hinge, that by moving up 
and down it may receive and refled: the Sun- 
Beams in any Direction whatfoever; and as 
by this Contrivance they may be made pa- 
rallel, it will be found extremely ufeful and 
expedient on many Occafions. 

26. If the Mirrour be fixed to the Ball it 
felf, then may the Cylinder of Rays be not 
only caft in any Direction, but alfo to any 
Part of the Room, than which nothing can 
be more ufeful, as I have found in number- 
lefs Cafes, having made this Addition to one 
of my Scioptric Balk. 

27. One great Ufe of the Camera Obfcura % 
is the eafy Method it fupplies of meafuring 

- the focal Length of any hem or Mirrour ; 
which otherwife is many Times very difficult 
to be determined. This Matter is extremely 
eafy and certain for Convex Lenfes and Con- 
cave MirrourSy becaufe they have a real and 
very vifible Focus $ and therefore fetting.one 
End of a Rule on the Lens, the Diftance of 

« the Focus is feen on the Rule in Feet, or 
Inches, and Decimal Parts of an Inch. 

28. But with refpe£t to a Convex Mirrour 
or Concave Lens, which have no real Focus, 
it will be eafy to find the Diftance of the 
virtual Focus thus ; Defcribe a Circle, fuppofe 

• of 
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of 3 Inches Diameter, on a . Piece of clean 
white Paper j hold this Paper directly behind 
the Concave Lens in the Rays, and move it 
to and from the Lens till the circular bright 
Spot of the Diverging Rays exadtly fill the 
Circle on the Paper, then meafure the Di- 
ftance of the Paper from the Lens, and alfo 
the Diameter of fo much ' of the Lens as is 
concave ; then multiply the Dijlance of the Pa- 
per by the Diameter of the Concavity, and di- 
vide that ProduSl by the Difference between the 
Diameter of the Circle on the Paper and Con- 
cavity of the Lens y the Quotient moill be the 
Diftance of the virtual Focus of the Lens. In 
the lame Manner the faid Focus is found for 
a Convex Mirrour. 

29, Another grand Experiment of the Dark 
Chamber, is Jhewing the Spots on the Sun's 
Difk* This is eafily done, by putting the 
Objeft Glafs of a 10 or 12 Foot Telefcope in- 
to the Scioptric Ball, which turn about till it 
be filled with the Sun's Rays, then holding a 
Sheet of white Paper in the Focus of the 
Lens, you will fee a moft exceeding fair and 
bright Image of the Sun formed on the Papfer 
of about, an Inch Diameter, in which the 
Spots on the Sun's Surface will be very di- 
ftin&ly fecn, and will afford a very pleafing 
Spectacle. This Image is rather too bright to 
be viewed without Offence to the Eyes ; and 
therefore fhould be viewed through a large 
Lens of about 6 or 8 Inches focal Diftance, 

which 
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which will magnify both the Image and it's 
Spots to a very great Advantage, 

30. The Dark Chamber might alfo be made 
to anfwer the End of a no&turnal or aerial 
Ttkfcopei for if an Object Lens, whofe fo- 
cal Diftajnce is 12, 15, or 20 Feet, were fixed 
in the Ball, it would give a large Image of 
the Moon, and a fmall om of Venus, Jupiter ; 
and Saturn ; which may be £0 far magnified 
by one or more finall Lenfes, fuch as are the 
Eye-Gla&s, that the Pbafes of the one, and 
the Satellites, , Belts, and Rings of the other 
may, in all likelihood, be rendered vifible 
and diftindt ; as I have Reafon to think from 
fomc Experiments I have made with Lenfes 
of a fhorter focal Diftance, not having Room 
to try the larger, 

31. Divers Micro/topical Experiments are 

alio to be exhibited in the Dark Chamber, 

both by Convex Lenfes and Concave, Mir r ours. 

Thus if you fit a Tin or Paftboard Tube into 

the Hole of the SchptrU Ball, and make an 

Aperture on each Side to Aide a Piece of 

Glafe through freely, and then either in or 

upon this Tube- you put another, containing 

two Lenfes properly difpofedj this may be 

moved backward or forward till fuch times 

as it gives clear and very large Images on a 

Sheet of Paper, of fmall Objects that are 

ftuck upon the Slip of Glafs aforefaid, which 

are ftrpngly illuminated by the Sun-Beams 

pafliog thro 9 the Ball for that Purpofe. 

32. The 
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32. The fame thing is to be done with a 
Concave Mirrour, thus: Let 'a Cylinder of 
Rays fall on a large Concave Mirrour, fixed 
in a Frame for that Purpofe 5 then take the 
Slip or thin Plate of Glafs, and having put 
any fmall Objects thereon, hold it in the in- 
cident Rays a little more than the focal Di- 
ftance from the Mirrour; then will you fee 
on the oppoiite Wall the Images of thofe 
fmall Obje&s very large, and exceeding clear 
and bright among the reflected Rays, This 
is a moft eafy and delightful Experiment, 
which I have often tried with great Pleafure 
to my felf and others. 

33. The new and noble DoSlrine of Colours, 
and' the different Refrangibility of the Suns 
Rays, were the Refult of. Experiments* by the 
Camera Objmra\ if you admit a Cylinder of 
Rays, about i of an Inch Diameter," into the 
darkened Chamber, and therein hold^a tri- 
angular Glafs Prifm, you will find, by turning 
it a little upon it's Axis, the Place where the 
Rays in pafling through it will be refra&ed in 
a different Degree, fome more, fome lefs; 
and by that means will paint an oblong Spec- 
trum or Image of various Colours moft ex- 
ceeding ftrong and vivid ; and in the following 
Order, Violet, Indigo Blue, Green, Yellow, 
Orange, and Red. This is a moft furprizing- 
ly fine and agreeable Phenomenon, which, to- 
gether with divers other Experiments relating 

thereto, 
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CHAR V. 

Of Mi cr of copes in general; of Jingle 
Micro/copes in particular > made with 
a f mall Lens, Spherule, or Mirfour. 

I . TP H B Word Microfcope imports an In- 
Jt Jirument for viewing very ftnall Ob- 
jects. I have before obferved, that Nature 
has io formed the human Eye, that we can't 
diftin&ly view an Objefr at a nearer Diftance 
than fix Inches; and fince there is an Infi- 
nity of Objects, which at that Diftance ap- 
pear either as Points, or are wholly imper- 
ceptible, whatfoever Inftrument or Contrivance 
will render fuch minute Objedts vifible and di- 
JlinSt, we properly call a Microfcope. 

2. It is ufual to fay that the Microfcope 
magnifies Objetfs feen through it phut this is 
true only with Regard to the apparent, not 
the r^/Magnittrde of Objedtsj they indeed 
appear to be larger with than without the 
Microfcope, but, in Truth, they are not; 
and the Reafon why they appear to be mag- 
nified will be eafy to apprehend, by any Per- 
fon who underftands what has been delivered 
concerning the apparent Magnitude of Objedts 
in Chap- II, hereof. 

3- For 
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3. For there it was {hewn, that the appa- 
rent Magnitude of Ohge&s is mcafured by, the 
Angle which they are feen under by the 
Eye ; and farther, that thofe Angles are reci- 
procally as the Diftanoes from the Eye. , If 
therefore, at the Diftance of 6 Inches, I can 
but juft difcern an Objcft, and then by inter- 
poftng a Lens, . or other Body, I can come to 
view that very Obje<2 at a nearer Diftance, 
the Objcd will appear to be as much larger 
through the Lens, than before to the naked 
Eye, as it's Diftance from the Lens is left 
than it's Diftance from the Eye. 
. 4. That this is the Cafe, is evident from 
Fig. 2. Plate XXIII ; where A is a Paint 
in an Objed not clearly vifible to the naked 
Eye, at a Ids Diftance than AB, becanfe the 
Rays which proceed from it are too divergent 
to admit of diftind Vi&m till they have pat 
fed that Diftance ; but if thfc fame Gbjedr be 
placed in the Focus C of the Lens D, the 
Rays which proceed 60m it will become pu 
rattel, by paffirig through the {aid Lens, and 
therefore the Object is diftiadly vifible to the 
Eye E, placed any where before the Lens D. 
Confequently k will appear as much larger 
through the Lens than to the naked Eye, as 
CD is Ida than AB. 

5, If an Ofajcd AB be placed; ioc one Fa* 
cds C of a Lens DE, and the Eye in the 
other Focua F > (See Fig, 3.) the Eye will fee 
juft:fo anrcfeof the Qbje&a& is> equal to the 

Diameter 
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Diameter of the Lens; for the Rays AD and 
B E, which go from the Objedt to the Ex- 
tremities of the Lens D and E, and are unit- 
ed at the Focus F, muft neceffarily proceed 
from the Objedt to the Lens parallel to the 
Axis FQ and therefore parallel to each 
other; confequently the Part of the Objedk 
A B, feen by the Rays D F, E F, will be 
equal to the Diameter D E of the faid Lens. 
All which is evident from the Theory. 

6. If only the Part de of the Lens be open, 
then only fo much of the Objeft ab, as is 
equal thereto, will be perceived by the Eye. 
Now fince A B is equal to DE, or ab to de, 
therefore the Angle DFE, ordFe, is the 
Optic Angle under which the Part of the Ob- 
ject AB or ab appears to the Eye at F; and 
fince GF is but i FC, therefore the Angle 
DFE, or dFe, is double to that under which 
the Part AB or ab would appear to the 
naked Eye at the Diftance F C. That is, the 
Eye fees the Objeff, Jituated as above \ twice as 
large with the Lens as it would do without it. 

7. If you would fee a Portion of an Objeft 
larger than the Lens, your Eye muft be, placed 
nearer the Lens than, it's Focus. Let the 
Lens be D E, (Fig. 4.) it's two Foci F and 
C; in the Focus C let there be an Object 
AB larger than the Lens-, fuppofe the Rays 
AD, BE, proceed from the Extremities of 
the Obje<a to thofe of the Lens, it is evident 
from the Figure they will be convergent, and 

therefore 
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therefore will by the Lens be united in a 
Point K, between the Lens D E, and it's 
Focus F : If then the Eye be placed at K, 
it will take into it's View an Object, or 
Portion of an Object, greater » than the Lens 
DE. 

8. Again, let GH be a Portion of an Ob- 
ject A B, lefier than the Leris DE; draw 
GD, H E, which will be Diverging Rays % 
and therefore will be united at a Point I, far*. 
ther diftant from the Lens than the Focus F: 
Hence if an Eye be placed farther frum the 
Lens than ifs focal Dijlance, it can never fee 
any Object \ or Part of an Object \ at one fiew, 

fo large as the Lens, but always fmaller. And 
univerfally, the vifible Part of an Object will 
be to the Lens, as the focal Diftance. of the 
Lens, to the Diftance oj the Eye. All which 
may be eafily deduced from the foregoing 
Theory. 

9. Since then it is evident, the Nature of a 
Convex Lens is fuch as will render an Object 
diftinctly vifible to the Eye, at the Diftance 
of it's Focus, the Reafon why they are ufed 
as Mkrofcopes is exceeding plain. For fup- 
pofe the Diftance A B (Fig. 2 ) be 6 Inches, 
where the naked Eye B, can but juft perceive 
the Obje<a A diftinctly, and let the focal Di- 
ftance CD of the Lens D be h an Inch j 
then fince C D is but 71 of A B, the Length of 
the Object at C, will appear 1 2 times as large 
as at A j if it were a Surface, it would be 

M 144 
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144 times as great; and the Solidity or Bulk 
would be magnified 1728 times. 

10. If CD, the focal Diftance of the Lens 
D, be but \ of an Inch, then will that be but 
■£ of A B = 6 Inches, and fo the Length of 
Objects will be magnified 24 times j the Sur- 
face 576 times, and the Solidity 13824 times, 

for thofe Numbers are the Square and Cube 
of. 24. From whence it appears, that jingle 
Xjlafs Lenfes make very good Microfcopes, 
which have thefe Advantages, that the Object 
appears moft' clear, they lie in little Roofti^ 
may be carried about any where, are to be 
had Jbr a fmall Price, and are moft eafy to 
be ufed. 

1 1. The Form of fuch a Microfcope, which 
I think moft convenient, is that in Fig. 5. 
where A B is a circular Piece of Wood, 
Ivory, &c. in rhe middle of Which is a fmall 
Hole, ~ of an Inch Diameter 5 upon this 
Hole is fixed, with a Wire, a fmall Lens 
C, whofe focal Diftance is C E>. At that Di- 
ftance is a Pair of Plyers D E, made of a 
Watch Spring, and open'd by means of the 
two little Studs a, e; with thefe you take up 
any fmall Object O, and view it with the 
Eye placed in the other Focus of the Lens 
at F. And according to the focal Length of 
the Lens, the Object O will appear more or 
lefs magnified, as reprefented at I M. If the 
focal Length be £ or ± of an Inch, the Length, 
Surface, and Bulk of the Object will be mag- 
nified 
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nHied, as jexprefled tn Article 9 and 10 here- 
of. This fmall Ih ft rumen t may be put into 
a Cafey and carried "about in the Pocket with- 
out any Incumbrance. I have made Trial of 
various Lefc&$, and find thofe whofe focal 
Lengths afe <~ 0> £>* and £ of an Inch, the 
bfcft for common Ufe» . 
.12. Sincfe the nearer the Eye can approach 
to an Objedt, the larger it appears, it is plain 
a double and equally Convex Lens is fur prefer* 
able to a Piano-convex Lens ; becaufe if the 
Sphere or Convexity be the fag&e, the. focal 
Lwgth of the former, is but half as long as 
of the latter : And fince *the Double-Cdnvejt 
conlift of two Segments of a Sphere, the 
more an Objeft r« to be magnified, the greater 
muft be the Convexity, and thereforq the 
imaller the Sphere 3 till at laft the utmoft De- 
gree <f magnifying will require that thefe Seg* 
ments become Hemifyheres, and confequently 
the Lens will be reduced to a perfect Sphe- 
rule , or very fmall Sphere. 

13, With thefe fmall Spherules extraordi- 
nary Degrees of magnifying may be arrived 
at 5 for as I have (hewn in the Theory, the 
Focus of Parallel Rays is but at £ the Radius 
diftatit from the Spherule 5 therefore if the 
Radius of the Spherule be ^ of an Inch, the 
Eye will have diftinct Vifion of an Object by 
means thereof, at the Diftance of a Radius 
and half, i. e. A of an, Inch, which* as it is 
but the 40th Part of 6 Incfate, (hews that the 

M 2 Length 
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Length of an Object will be magnified 40 
times, the Surface 1600 times, and the Soli- 
dity 64000 times, by fuch a fmall Sphere. 

14. If the Ridius of a Spherule be but £ of 
an Inch, then will the Eye have diftinct Vi- 
fion of an Object at the Diftance of ~ of an 
Inch, which, as it is but the 80th Part of 
6 Inches, (hews the Length of Objects will 
appear 80 times, greater, the Surfaee 6400 
times, and the Bulk 51 2000 times greater 
than to the naked Eye at 6 Inches Diftance. 

15. Again, if the Diameter of a Spherule 
be ~ of an Inch, or the Radius ~, then will 
the Eye approach the Object fo near as ~ of 
an Inch, which is but the 160th Part of 
6 Inches ; and therefore the Length of Ob- 
jects will be magnified 160 times, the Sur- 
face 25600 times, and the Solidity 4096000 
times by this Spherule ; which is fo great a 
Power of magnifying, as furpaffes all human 
Imagination and Comprehension. 

16. And yet there are Methods of making 
Spherules as fmall, and fmaller than any 
above-mentioned, I fliall mention only two 
Ways of doing this: .The firft is by breaking 
a Piece of clear white Glafs into very fmall 
Particles, which are to be taken up by the 
Point of a fine Needle, and held in the blue 
Part of the Flame of a Candle, or rather of 
a Lamp burning with Spirits of Wine ; which 
by means of a Blow-Pipe, will immediately 
melt the glafs Particles on the Point of the 

Needle; 
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Needle ; and being melted they will naturally 
run into a roundifh Form, and, by a proper 
Motion of the Needle, which a little Practice 
will teach, they may be brought to a true 
fphericai Form. And as there are more or 
Ids Particles on the Needle, the Globule will 
be greater or fmaller. 

i 7. The other Way is by melting a Piece 
Of fine Glafs in . a fmall Crucible, or Bowl of 
a Tobacco-Pipe, and thefx by dipping there- 
in the End. of a Wire, you may draw out 
very fine and long Threads of Glafs, which, 
when cold, are to be broken into proper 
Lengths; and one End of iiich a Thread put 
into the Flame of a Candle, will immediate- 
ly melt, and run into a round or globular 
Form, which, when you think is big enough, 
is to be taken out, and broke off the Thread. 

1 8. In either of thefe Ways, great Care 
muft be ufed not to hold them long in the 
Flame after they are melted, left they are 
burnt, and thereby rendered bpake, and un- 
fit for Ufe. The few that are good, among 
the many you make, are to be well cleanfed, 
and let into a very (mail Hole in a Piece of 
Brafs, in order for Ufe. 

19. In ufing thefe Spherule Micro/copes^ the 
Objects are to be placed in one Focus, and 
the Eye in the other; and fince the Focus is 
fo exceeding near the Glafs, it is impoffible 
to view any but pellucid Bodies ; for if any 
opake . Object were to be applied, the Eye 
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being as it were juft on the Spherule, would 
entirely prevent any Light falling oft it, and 
it would be too obfcure to be viewed. 

20. It was with thefe Sort of Microfcopes, 
that the famous Dutch Philofopher Mr Leeu- 
•wenbcek made fuch wonderful Difeoveries 5 and 
it muft be with thefe, if with any, that the 
Corpufcles or Atoms , of which Bodies con- 
fift, are to be difcovered ; which the great 
Sir Ifaac Newton thought was pofiible. Bat 
the great Difficulty of making very finall* 
and, at the fame Time, very good ones 5 
their Prejudice to the Eyes in 'poring very 
hard and near, the Trouble of pofiting Ob- 
jects at a due Diftance, and the very fmall 
Part which can be feen of any, makes this 
Sort of Microfcopes very little known ftr 
ufed. 

21, In Fig. 6. let A B H reprcfera a frtiall 
Globe or Spherule, whofe Center is C, and 
Radius C B ; alfo let G B be = i C B, then 
will the Point G be the Focus of Parallel Rays 
paffing, thro' and refracted by the faid Sphe- 
rule ; and therefore, if an Object E F be 
placed in the faid Focus G, it may be dt- 
ftinctly feen by an Eye in the other Focus of 
the Spherule* Suppofe now the Spherule be 
removed, and In the Place of it's Center be 
placed the Lens LN, whofe Radius isCG; 
then will G be alfo the Focus of the faid^ 
Lens, and the Objedt E F • will be diftinctiy 
fuch a Lens alfo. ' And fince the Angle ECF, 

under 
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under which the Object, appears at the Center 
of the Spherule and Lens, is the fame, the 
Object will he equally magnified by them 
both. But CG, it's Diftance from the Lens, 
is three times greater than B G, it's Diftance 
from thp Spherule ; and therefore much more 
Light will fall on it when viewed by the 
Lens, than can when viewed by the Sphe- 
rule j and confequently in all Cafes, where 
the Power of magnifying is not required to 
an extreme, the Ufe of a Lens is much pre- 
ferable to that of a Spherule, 

22. The next &ort of fingle Microfcopes 
are thofe made of Concave Mirrours ; and the 
larger the Mirrour, the fitter for the Purpofe. 
One 10 Inches Diameter, and 12 Ihches fo- 
cal Length, will do very well. By fuch a 
Mirrour, a fmall Object; may be made to 
appear very large either behind or before it. 

23. The Diftance at which an Object 
Should be plaped, in order to rtiagnify it any 
propofed Number of Times, at a Focus be- 
hind the Gl^fs, is found by the Rule delivered 
in Arf . 1 1 . Chap. VI. Fart I. Thus fup- 
pofe I would magnify the Diameter of a fmall 
Object 10 times, I find by that Rule, that it 
miul be placed 10 ~ Inches before the Mir- 
rour ; and when the Diameter, or Length of 
an Object, is magnified 10 times, the Surface 
will be magnified an 100 times, and the 
whole Bulk 4 1000 times. This is a very 
confiderable Effect, and ia attended with this 

M 4 peculiar 
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peculiar Advantage, that not only a fmall 
Part of one Object^ but the whole of diverfe 
Objects is here exhibited to the View, which 
makes it pleafant and delightful to behold. 

24. The other Way of magnifying Ob- 
jects at a Focus before the Mirrour, is that 
already defcribed in Chap. IV. Art* 3 a, as 
being performed in a dark Chamber. There 
remains one other Sort of fingle Microfcope, 
which confifts of a Glafs Globe filled with 
Water, which fervesfor magnifying the fmall 
Animalcuke therein very well ; this was the 
Difcovery of Mr Stephen Gray, and is as 
follows. 

25. Let KL be a Globe filled with Wa- 
ter, and AB two parallel Rays falling there* 
on, of which let BH be the Axis of the 
Globe, which paffing through the Center C, 
will fuffer no Refraction ; the Ray A will 
be fefradted to a Focus F, diftant from the 
Globe H, the Diameter thereof, 1. e. H F = 
BH, as may be deduced from the Theorem 
in Art. 16. Chap. I. of Dioptrics ', by putting 
I to R, as 4 to 3 ; which is the Proportion 
of the Sine of Incidence, to the Sine of Re- 
fraction out of Air into Water. 

26. Let us now confider the refracted Ray 
A Gi as reflected from the Concave Surface of 
the Globe at G, to the Focus E in the Axis. 
Then will an Object placed at E be fcen by 
Reflection in the fame Manner, as an Object 
at F will be by Refraction. Through the 

, Center 



-V5# 



*m 



■ 



TheTleory o/'Dioptrics. 185 

Center C,draw MCI, and to the Focufes 
E, F, driw the perpendicular D E, and I F : 
Now fince unequal Objeds I F, D E, are ken 
under equal Angles ICF, and DCE, at the 
Center C, the Angles under which equal Ob- 
jects will be feen at E and F, will be as C F 
to CE, by what is faid in Chap. II. of this 

Part. 

27. Now the , Ray A, by it's firft Refrac- 

• •it % 



tion, will tend 
to a Point P, . 
which will be 
diftantfrom the 
Point four times 
the Radius CB, 
that is, BP = 
4 B C, and there- 
fore HP =2^ 
as h eafy to de- 
duce from the 
Theorem in Art. 
6. Chapter I, of 
Dioptrics. Then K 
put HP — d, and 
CH = r,weihall 
find HE =/, by 
Theor, 1 7, in 
Art: 18. Chap- 
ter III, of Ca- 
toptrics, viz. 
dr 
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dr 
$tefe&r$ the Theorem becomes - 



— zd-^ r 

erz J* : h^t Cf == 2 r, therefor? CF : CE : : 
gr : | : : p : f : : jp : 3 : : 3 i : J. And coRr 
fequently an Objed:, in the Focus of Re- 
flection $ within {he Globe, will be magni- 
,fied 3 j times more than it wopld be, if j 
placed in the Focus of Refra&ion F, without 
the Globe. 

28. Now fuppofe the Globule KL were i 
of an Inch Diameter, then would th? appa- 
rent Magnitude of Objects at F ? by RfirjiCr 
tion through the Water, be to the apparent 
Magnitude at 6 Inches from the Eye, ?s 6 
to }, or as 30 to 1 ; and therefore the gppar 
rent Ma^rjitude at E, by Reflation, will be 
as 3 I times 30, that- is, iqq times xn*gnir 
fifd t , 
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C H A P. VI. 

iouhle or compound Microfcopes, via. 
hofe which conjift of two Lenfes ; 
md the Manner of computing their 
Power of magnifying. 



IF a Machine be conftrmpted with more 
than one "Lens or Mirrour, proper for 
agnifying fraall Objects, it is called a double 
; compound Micro/cope 5 fuch as is that repre- 
ated in Fig- 1. Plate XXIV. 

2. la that Figure def is a finall JLens, 
idled the Object-Glaft, a« being next the Ob- 
ject a c h placed a little below it to be view'd. 
Suppofe the Focus of this fmall Lens be at Q. 
LThen, as i$ plait* from the Theory, if any 
Object a c b we*e placed in the Focu§ O, the 
Rays which came from any one Point diver- 
gent m the kenp, would by it fee fp refrac- 
ted, that ihgy weuM Vtfrwarels proceed pa- 
rallel to one another j pr their Focus would 
have been at an infinite Di ft a nee. 

3, It has alfp been ffe<?wn, th%t if an Ob- 
ject a b be placed at any Diftancs from e Q 9 
greater than the faqal Diftance eo, the Rays 

dc, £c. which come ftp© apy Point c, »«jl 

fall 
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fall divergent on the Lens d £ will be £o re- 
fracted, that they will afterwards proceed con- 
verging towards, and at laft unite in a Point 
C, which will be the Focus of all the Rays 
proceeding from the Object ab, for the Di- 
ftance ce, 

4. Therefore the Rays which proceed from 
the Points a, c, b, in the Object a b, will be 
refpe&ively reprefented at A, C, B, in the 
aforefaid Focus \ and confequently ACB will 
be the Image of the Object a c b ; in an m- 
verted Pofition, and is fo much greater than 
the Object, as the focal Diftance e C is greater 
than the Diftance of the Object ec. Arid the 
leficr ec is, the greater will Ce Be, and the 
more will the Image A C B be enlarged, or 
the Object magnified : But, as before obferv- 
ed, the Diftance ec muft always be greater 
than the focal Diftance eo. All which things 
are like wife demon ftrated and exemplified in 
the Theory. 

5. In fingle Microfcopes, or thofe of one 
Len9, we view the Image,, or rather the Ob- 
ject itfelf, at an affirmative Focus, or behind 
the Lens ; but in compound Microfcopes it is 
otherwife : For here A B, which is abfolutely 
the Image of the Object, far diftant from it 
at a negative Focus, or on that Side the Lens 
next the Eye, is the Thing we view, and 
confider it now as a new Object. 

6. If then any Lens D F be placed juft at 
it's focal Diftance £ C, from any Objed: A B, 

the 
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the Rays which cpme from any Point C, will 
after Refraction through the Lens, proceed 
parallel to the Eye at I, and there caufe di- 
ftinct Vifion : Thus the Object A B, that is, 
the Image of the Object a b greatly magni- 
fied, will be clearly and diftindtly feen thro' a 
(econd Lens D F ; and if the Eye's Di ft a nee 
be lefs, equal to, or greater, than the focal 
Diftance EC, then fach a Portion of the 
Image A B will be feen as is greater, equal to, 
or lefs than that Part of the Lens DF, which 
is open. Note, this Lens D F is called the 
Eye+Glafsy as being next to the Eye in view- 
ing Objects. 

7. Thus is Vifion performed in the Double 
Microfcope, compofed of two Glades. I fhali 
now {hew the Power of magnifying in fuch a 
Microfcope, which will be eafily apprehended 
in the following Manner. I have before ob- 
served, that no Object can be clearly and di- 
stinctly . viewed at a lefs Diftance than fix 
Inche^ and by many Eyes not fo near. But 
fix Inches is the Number I (hall found my 
Computations upon, becaufe I (hall then be 
fure to be within Compafs. 

8. Firft, let us fuppofe d f the ObjeB-Glafs 
to be a double and equally Convex Lens, 
whofe focal Diftance. eo = ^ of an Inch. 
Then if an Objedt a b be placed at the Di- 
stance e c = 1 Inch, the Image A B will be 
formed at the Diftance e C = 4 Inches, as is 

manifeft 
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manifeft from the Theory, and the Rule ex- 
emplified in Chap. X, Art. 1 and 2, Part II* 

9. Since then the Diftance ec is but one 
Inch, the Angle a e b, which the Object fub- 
tends at the Lens d e, is 6 times greater than 
the Angle under which it would appeaf te an 
Eye, at 6 Inches Diftance ; and therefore the 
Length of the Object ab, will be magnified 
6 times by the Objedt-Letos only. 

10. And fince the Angles aeb, and AeB, 
under which the Object and it's Image appear 
at the Lens d f, are equal, the Image A B to 
an Eye at e, will appear equal to the Ob- 
ject ab, i, e.Jix times larger than the iaid 
Object at the Diftance of Jix Inches from the 
Eye. 

ii. But fince the Image AB is rendered 
vifible, by means of the Eye-Glafc D P, and 
is feen under the x^ingle AEB; the apparent 
Magnitude thereof feen by an Eye at E, will 
be to the lame to an Eye at e, as the Angle 
AEB, is to the Angle AeB, or us the Di- 
ftance C e, to the Diftance C E : But C e is 
4 Inches ; if then we fuppofe C E = 1 Inch. 
The Image will appear 4 times greater at the 
Eye-Glafs, than at the Objedfc-Glafs 5 and 
therefore 4 times 6, that is, 24 times greater 
than the Object itfelf ab. 

12. The Length "being magnified 24 times, 
the Surface of Objects will be magnified 576 
times, and the Solidity or Bulk 13824 times. 
And the Effect of this double Microfcope is 

equal 
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fecflHal to that of a fingle one Of a Lens, whoft 
fdcal Diftancfe is but 4 6f ah Inch, as is evi* 
dent from Art* 4o> of the foregoiiig Chapter* 
13. Again, if the Diftance of the Object 
fee be £ of an Inch, and the Diftance E* be- 
tween the Eye-Glaffes remaining the fame $ 
then will the Object a b appear as much gutter 
by the kye-Glafc d £ than to the haked Ey* 
it 6 Inches Diftance* a* 6 fe greater than £> 
*>/#. 8 times, "then alfo, fince Gt =4 
Inches, and CE == 1, the Object Will iappeat 
4 times greater through the Eye-Glafs DF, 
than by the Object-Glafs df$ and therefor* 
4 times 8, that is> 32 times greater by both 
thaft to the naked Eye. The Length being 
magnified 3 ft times ; the Suhfaci will be mag- 
nified 1024 times; and the Bulk 32768 tiMes> 
by fuch an Object-Lens, 

* 14. If you ufe an Objedt-Lens that ihatt 
give the Diftance ec = i an Inch, then will 
ft magnify the Object ab 12 times*, and the 
Eye-Glafs DF magnifying that Image A B 
4 times more $ the Length of the Object will 
by both be magnified 4 times 1 2, **j». 48 
times j and therefore the Surface will be mag- 
nified 2304 times, and the Solidity 11059a 
times. 

1 5. In the laft place, if ydu tffe an Object- 
Lens, which gives the Diftance of the Ote* 
ject e t s= I of an Inch $ then will the Ofe* 
jeet be magnified by that 24 times, and 4 
times more by the -JEJye-Gfef*, and therefore 

by 



1 

192 The Theory of Dioptrics. 1 

by both 96 times ; and thus the Surface will ] 
be magnified 9216 times; and the Solidity 
884736 times, which is to a very great De- ■ 
gree indeed. I 

1 6. If you are defirous of knowing what 
focal Diftance? eo the 4 ieveral Object-Glafles 
muft have to give the Diftance of the Object 
ec = i, i, i, i, as above-ftated for Calcula- 
tion, you find them according to the Rules of 
the Theory, to be i £, ±t, -£, 5 fuppofing 
thofe Lenfes are double and equally Convex. 

17. The Power of Magnifying is to be va- 
ried alfo by varying the focal Length of the 
Eye-Glafs DF, for the' fame OWect-Glafs 
d f > for as now, the focal Length E C being 
1 Inch, the Lens DF magnifies the Image 
A B 4 times, if the faid focal Length were 
but i of an Inch, it would magnify the Image 
AB 5,7 times, for then Ce : CE : : 5 A : 1. 
And if CE be but i an Inch, then would 
Ce: CE : : 8 : 1 ; and fo the Lens DE would 
magnify the Image A B, 8 times. 

18. But we can't vary the focal Length of 
the Eye-Glafs D F at pleafure, or to that ad- 
vantage as we can the Focus of the Object- 
Glafs d f, for Reafons hereafter to be given. 

19. There is yet another Way, by which 
the Power of magnifying is to be varied or 
augmented in this Microfcope ; and that is, by 
varying the Diftance between the two Glafies 
DF and df, by means of two Tubes Hiding 
one within the other; ip the uppermoft is 

fixed 







- ~ _ B Strayed 



1 * 



J: 



-S'-S' ■ ■*■ 



#.a;&p. 



[ *94 ] 



CHAP. VII. 

Of Micro/copes compounded with three 
LenfeSy viz. an Obje£i-Lens y and 
two ocular ones. 

l.TTTTE have fcen the Nature and Ef- 
\ Y fects of a Microfcopc, conftructed 
with one and two Lenfes, let us now Contem- 
plate the Nature and Conftruction of one of 
three \ viz. An Object-Lens df, and two Eye- 
Glafles, one a larger GK, and the other 
lefler DF. This broad Lens GK is added 
(not to increafe the magnifying Power, or Z)/- 
Jtinftnefs .of Vifon> for that is better effected 
by one Lens DF, but) to increafe or amplify 
the optic Jbigle, or to enlarge the viji&k Area, 
or Circle of Vifon in the Microfcope. Which 
it does very conficlerably, as is thus (hewn. 
See Fig. 2. 

2. Let ab be an Object fo pofited, that it's 
Image AB may be formed at the Diftance 
of e C y from the Lens d f ; at H fuppofe the 
Lens G K intercept the Rays e K and e G, 
which it will refradt towards fome Point in 
the Axis, as Oj and confequentiy there will 
be a new and lefler Image A B formed than 
before, the Place of which is found by draw- 
ing 
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itig the Lines AH, J5H, from the Extremi- 
ties of the fifft Image AB> to the Center of 
the Lens ; far they will interfect the Rays 
KF, GD, in A and B, the Plaee of the 
Image A B. For if the Image AB be consi- 
dered as» an Object with regard to the Lens 
G K, and F K, DO two incident Rays, f hfey 
will'emerge from the Lens in the Direction 
K e and G e, and fince C H is lefs than the 
focal Diftance of the Lens G K, the Rays of 
every Pencil going from the Object A B, will 
emerge from the Len$ diverging, and tend to* 
wards a virtual Focus C, where they form the 
imaginary Image ACB. But the Object AB, 
and it's Image AB y are feen under equal An- 
gles AH B y from the Center of the Lehs H;, 
and therefore the Lines A H and B H deter- 
mine the Places and Proportions of the Images 
A B and A B. All which is plain from the 
Theory: 

3. Let DF he another Lens placed at it's 
focal Diftance E C, from the Image A B, 
which then will be diftinctly feeii through it 
by an Eye placed any where in the Axis E O. 
Let He be the focal Diftance of the Lens 
GK, dtzw ai y and join aH, then will the 
Angle a He be the optic Angle under which 
the half of the Object a c is feen through the 
Lens OK } and is to the Angle a e C = a ec, 
(under which it appears by the Lens df ) as 
ec is to He. 

* 
N z 4. Since 
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4. Since Ha = He, the Point a will be 
the Focus of a Pencil of Rays falling obliquely 
on the Lens G K, of which a H is the Axis, 
and a K the extreme Ray \ and fince all the 
Rays, of the Pencil emerge parallel from the 
Lens in this Cafe, if K O be drawn parallel 
to a H, O will be the Point in which the Ray 
eK, after Refraction through the Lens GK, 
will cut the Axis H O, making the Angle 
HOK = *Hc. 

5. But the Ray K O, by the Interpofition 
of the Lens DF, will fuffer a fecond Refrac- 
tion through it at F ; and to find what that 
will be with the focal Diftance EC of the 
Eye-Glafs DF, fweep the Arch Ce, and join 
Ee, then will e be the Focus of an oblique 
Pencil of Rays falling on the Lens DF, of 
which e E is the Axis, and e F an extreme 
Ray. If then you draw F I parallel to e E, 
it will be the refracted Ray, and I the Point 
in which it cuts the Axis H O ; making the 
Angle EIF = CEe. 

6. From D and F let fall the perpendicu- 
lars D d, Ff $ on the Image A B ; and if there 
were no other Lens but DF, the Part df in 
the Image is all the Eye could view in the 
proper Focus L, for df == D F. See Art. 5. 
Chap. V, hereof. But now by means of the 
LensGK, the Rays KF and G D, which 
terminate the Extremities of the Image, are 
made to fall within the fame Aperture DF 
of the Eye-Glafs, and confequently the whole 

Image 
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Image A B is feen by the Eye at the Point I, 
under the Angle E I F. 

7. But this Angle EIF is to the proper 
Angle ELF, as L E is to I E, by Art. 9. 
Chap. II, of this. Now in order to exprefi 
this Proportion in Numbers, we muft firft 
find HO, for which the Diftance eH muft 
be given, which foppofe 5 Inches. Then 
efteeming e as a Radiant Point from whence 
proceeds the Pencil of Rays GeK, to the 
Lens G K, whofe focal Diftance, or Radius 
of Convexity He = 3 Inches. We fhall find 
the Focus 6 of this, Pencil after Refraction, 

dr s 

by the Theorem -■ = y. See Art. 36. 

«— — r 

Chap. I ? of the Theory q£ Dioptrics. 

8. For here d=. eH = 5, r = He t= 3, 

dr 
and/ = HO, to be found thus 5 - ■■ = 



5 x 3 1 5 

■ - ■ ■ = — ^7*5 = z y* Or thus by Ana-* 

5 — 3 z 

logy, d— r (ec) : d (eH) : : r (He):; (HO) 

= 7 i Inches. Haying thus found H O, fup- 

pofe the Diftance between the two Glafles 

1$l E = 2 Inches, then will E O = $ * 

Inches ; and if the Radius of Convexity E C, 

of the Eye-Glafs DF be 1 Inch; we fhall 

find EI, by the Theorem in Art. 38. Chap. I, 

N 3 of 
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dr 
of Catoptrics, viz. -— - — = y ; for here */ sss 

EO = 5.5, r = EC = i, and ^ = EI; 

therefore • .. ■■? = -A- =^= Q.8 c very nearly. 
</-f r 6.5 ' 

Or by Analogy, as </— * r(xCO= 6.5) : </ 
(= EO = S-SY- : r (= EL ^ 1) :^(= EI 
s=z 0.85, fere). 

9. Therefore the optic Angle D L F proper 
to the Lens PF alone, is to the amplified 
Angle D I F, as 0.85 to J, or 3s 85 to 100* 
the vifiblp Area* therefore % will be as the 
Squares of thefe Numbers, viz. as 7225 to 
looop, or jjs 7 to iq nearly; which Aug- 
mentation of the optic Angle by the Addition 
of the Lens G K is very CQnfiderabte, and 
fenders the Pleafure of viewing Objects pro- 
portionably greater. Now this Angle D I F 
is greater or fmaU<?r> as the Diftanee between 
the Lthfes H E is greater or fmaller ; for as 
the Lens DF approaches to the Lejns GK/the 
Diftancc EO approaches nearer to an Equa- 
lity with C Q, or E t vith E L, that is, the 
Angles I and L become nearer equal ; and the 
contrary, as D F is placed farther from GK. 

10. The Degree or Power of * Magnifying in 
this given Combination of Lenfes, is compu- 
table in the following Manner. Suppofe I 
<;an fee the Line 3 c distinctly at the Diftancc 
of 6 Inches, but by jneans of the Lens df 
1 can fee it at the Diftance e C, under the 

Angle 
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Angle a e C. Again, fince acC = #cc, and 
H c is the focal Length of the Lens G K, the 
Object a C will appear to an Eye at H, under 
the Angle ^Hc, which is to tne Angle a ec, 
(or aeC) as ec to cH. Laftly, the Angle 
under which it appears by the Eye-Glafs D F 
is EIJF = CEe, but this Angle CEe is to 
the Angle aUc — tOe, as CO to CE. 
Therefore the firft Ratio of magnifying, i. e. 

6 
by the Lens d f is 6 : Ce, of ~ 5 the fecond 

Cc 

ec 
Ratio, by the Lens GK is ec : c H, or — - ; 

cH 

therefore the Appearance of a C at H, is to 

that at the naked Eye, as — x — ~. The 

ec cH 

third Ratio is by the Lens DF, in regard of 

CO 

the laft, as CO : CE, or — — ; and confe- 

quently an Object ac will appear under an 
Angle D I F, which is to that under which 
it appears to the naked Bye at 6 Inches Di- 

CO ec 6 
ftance as — - x «-- x — - to 1; 
CE crl eC 

11. To gjive an Example, let Ce = J an 
Inch ; cH == 3, CE 2= 1 j and the Diftance 
eH = 5 ;. tlten will ce = 2, and CO = 
£.$, things remaining as in Art* 9. Then 

N4 CO 
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CO ec 6 _ 6.5 2 6 _ 78 _ 

CE cH eC 1 3 0.5 1.5 

52. Therefore the apparent Magnitude thro 1 
the Microfcope, is to that by the naked Eye, 
as 52 to 1, for a Line> as 2704 to 1, for a 
Surface ; and as 14068 to 1, for a Solid. 

12. The Lens GK being removed, all 
other things remaining the fame, the magni- 
fying Power will be greater than before -, for 

Ce 6 6 6 36 

it will be as — - * — = - * — = — 

CE ce 1 0.5 0.5 

= 72, above a third greater than 52. And 
by removing G K we are obliged to change 
the Object-Lens d f to keep the Diftances the 
fame; yet if df were retained, the Diftance 
c e would be fo very little enlarged to bring 
the Image AB* to the Situation AB, that if 
the Lens D F be the fame, and at the fame 
Diftance from df, the magnifying Power 
will flill be greater much by itfelf, than in 
Combination with the Lens G K. 

13. If inftead of He = 3, we tak6 it = 4 
Inches ; then the optic Angle D I F will be 
diminifhed,, all other things remaining the 
fame, as in ^rt« 1 1. If ox now r = He = 4, 
and d = He = 5, and d — r = ce = 1 ; 

dr 5 x 4 
therefore = = 20 = y, or HO; 

d — r 1 

and fo CO == 19, and E.O =fi8. There- 
fore to -find E 1 we have d = EO 5= |8, 

and 
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and r= EL ac= 1, and d-j^r ±= CO = 19; 

^ u ^ r l8xi 1 

and then = = 0.95 nearly, 

fl-j-r 19 

which in this Cafe is the Length of EI, 
whereas before it was but 0.85; (Art, 8.) and 
confequently the Angle D I F is now dimi- 
nished in the Ratio of 95 to 85, or nearly as 
9 to 8. 

14. But the magnifying Power will be in- 

CO ce 6 19 1 

created : for x — x — — — x - x 

CE cH eC 14 

6 114 

— = = tfl 5 whereas before (Art. 11.) 

0.5 2 

it was but 52 ; but fince this Increafe of tht 
magnifying Power is fmall, and the Diminu- 
tion of the optic Angle very confiderable : 
(Art. 13) a Lens GK, whofe focal Diftance 
is 3 Inches, is preferable to one of 4 Inches. 

15. Again, tf we make the focal Diftance 
of the Lens GK equal to 2 Inches, other 

things being the fame ; we fhall have -■ 

a— -r 

C x 2 IO 

= - — = — = 3-3? = HO ; and thea 
3 3 

EO = 1.3? = d; and fo -7-; — = — = 

d-\-r 2.3Z 

0.56 = E I ; and therefore the Angle D I F : 
DLF : : 1 : 0.56 : : 100 : 56, that is, the 

optic 
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optic Angle at I, is almoft as big again as the 
proper Angle at L. But notwithstanding this 
Advantage, fince the magnifying Power is <£- 

CO ce 6 
minifhcd, (it being only — - x — - x — = 

CE cH eC 

~ x - x — =- 42.) and the great Convexi- 
1 2 0.5 

ty of the Lens G K, diftorting and colouring 
the Objedk about the Extremities, the focal 
Length of three Inches is preferable to this 
of 2 Inches ; and confequently to any other 
focal Length of G K, in this Conftru&ion of 
the Microfcope. 

1 6. In this Combination of Eye-Ghfles, 

CO cc 

the Effeft of the Microfcope is — x — - x 

CE cH 

6 

— - to 1 ; but in a Microfcope with a fingle 
%• e 

Eye-Gkfs DF, whofe focal Diftance is CE> 
and the Diftance of the Image from the Ob- 
je<a-Lens df, is Ce 9 hath it's EfFed: in the 

Ratio of — — x — to 1. If now we foppofe 
CE ec rr 

an Object a b, equally diftant from the Ob- 
jedi-Lens df, when diftin&ly feen in both, 

CO ce 

then according as — — x — — is lefer % equal 

Ge* en 
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Ce 

to* or greater than ~— , the Power of roagni- 

G J5 

fying, in the former Microfcope, will be 
lejfer y equal to, or greater * 9 than the feme in 
the latter, or that with a fingle Eye-Glafs. 

17. If the focal Diftance of the Eye-Glafe 
DF, be the feme in both Microfcopes, thpir 
magnifying Effe&s will be in the Ratfo of 

ce 
C O * — . to Ce. And if ce sb cH, then 

cH 

CO 

will their Effe&s be in the Ratio of — ~ to 

C E 

Ce 

— — . If then we would have them magnify 
CE 

equally in this Cafe, CE : E C : : CO : Ce, 
• is the Analogy. 

[ — 

18. If the Microfcope bath the Dimenfions 
;. of Art. 11, the Aperture of the Lens G K, 
being given > and the Diftance between the 
Lenfes H E> the Aperture of the Lens D F 
is given atfos for HO:EO ::GK:DF. 
Suppofe G& « i.& then HO =» 7.5 t BO 
« 5,5 : : GK 33= ^5 : D F = 1.07. The 
half oi which EF =*= 0^,53 5 whence we nay 
alio find the Quantity of the optic Angle 
IMF: for. EI *5 0.85, by Art. 13, Whert^ 
fore we have this Analogy, As I E = 0,85 is 
to EF = 0.53, fo is the Tangent of Radius 

45°. 
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45 , to the Tangent of 27 : 45' fere, the 
double of which, viz. $5° : 30', is the Quan- 
tity of the Angle D I F, in this Conftitutton 
of the Microfcope/ 



CHAP. VIII. 

Of the apparent Pofition of the Ob- 
je&Sy and the vifible Area^ or Field 
. of Viewy in a Microfcope of Convex 
Eye-Glajfes. 

Plate XXIV. Fig. 3. 

i.TTTTE have hitherto been confidering 
V Y the Structure or Difpofition of 
Glaflibs, and the Power of magnifying in Mi- 
crofcopes ; the next thing to be taken- Notice - 
of is the apparent Pofition of the Objedt, and 
the Area, or Field of View, therein. 

2. In order thereto, let N, O, P, be Cones 
of Rays coming from the Objeft-Lens, and 
painting in their Focus the Image ACB. 
This Image will be in a Pofition inverted, or 
contrary to that of the Objed, as is evident 
from Fig, i and 2, of this Plate; the Reafon 
whefeof has been fully explained before. 

3- The 
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3 . The Image A C B we are now to con- 
fider as an Objedt viewed through a Convex 
Lens DF, by the Eye ^BQR. This Ob- 
ject, as being feen in the Microfcope, muft be 
alio conceived to be in the Focus of the Lens 
E> F, which is the Eye-Glafs. ; for in this 
Cafe only, the Rays AD, A^, Ah, alfo Cn, 
C 0, C p, and the Rays B F, B tn, B /, which 
come from the fingle Points A, C, B, will fall 
parallel on the Pupil QR, and if they do not 
come parallel, thqfe Points of the Objed will 
not be diftin&ly feen, as has been (hewn in 
Chaj?. I, of this Part. 

4. Now from the Points A, G, H, I, C, K, 
L, M, B, fuppofe parallel Rays proceed to the 
Glafs D F, in the Points D, g, b, i, n, 0, p, 
k> I, tn, F, then (hall thefe be all united in 
the Focus at E, in which we will fuppofe the 
Pupil of the Eye to be placed where it will 
then view as much of the Objed: A B, as is 
equal to the Diameter of the Eye-Glafs D F , 
as was demonftrated in Chap. V, Art. 5. 

5. The Eye being pofited in the Focus of 
the Glafs, will by it's Humours converge or 
unite the Rays which enter parallel on the 
Retina, in the Bottom thereof ; and therefore 
the Rays AD, A g, Ah, proceeding from the 
Lens parallel to the Eye, will by it be united 
on the Retina at A, and there reprefent the 
Point A of the Objeft ACES. After the 
fame Manner we conceive the Points B 
and C in the Object, reprefented at jB and C 

in 
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in the Bottom of the Eye ; and all the inter- 
mediate Points G, H, I, K, L, M , after hav- 
ing pafled the Lens, will traverfe in the Point 
E, and proceed to g, h, i, k, 1, m, where they 
will be reprefented on the Retina. 

6. Confequently ACB on the Retina, will 
be the Image of the Objed ABC, that is, 
it will be the fecond Image of the fmall Ob- 
jed a b, under the Microfcope, of which 
A B is the firft enlarged Image. And fince 
the Image A C B, is contrarily pofited to the 
Imagd ACB, it will be rightly pofited with 
the Objed itfelf, or the Objed ab, and it's 
fecondary Image AB, have both the feme 
Pofition, that is, their fimilar Extremities a, A, 
and b, 5, lie towards the fame Parts. 

7. Now it has been (hewn, that when an 
Objed appears right or ereft, it's Image in 
the Bottom of the Eye will be inverted, or 
have a Pofition contrary to that of the Ob- 
jed j (See Cbap, II, Art. 1, 2, 3, 4.) and there- 
fore when the Image of an Objed in the 
Eye is the fame with that of the Objed itfelf, 
the faid Objed cannot appear right or ere£f 9 
but inverted or contrarily * pofited to what it 
truly is* And fuch therefore is the Pofition 
of an Objed, as it appears through a double 
Microfcope. 

8. The Pofitidn of the Objed, in a fingle 
Microfcope, is not altered $ for let D F be 
the magnifying Lens, and A B the Objed in 
one Focus, and QR the Pupil of the Eye in 

the 
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the other; then, as hath been (hewn, the Po- 
rtion of the Image AGB> in the Bottom of 
the Eye is inverted, or contrary to that of the 
Objedt ; in which Cafe it will appear ere£t, or 
in the feme Pofition with the Objedt 
- 9. The Objedt A B remaining in the JFo- 
cus of the Lens D F, if another Lens be in- 
terpofed between tho Eye and the faid Lens 
D F, it will not alter the apparent Pofition of 
the Obje&, from which it is by the Jingle Lens 
D F alone. For all the EfFeft this will have, 
is only making the Converging Rays FE, 
D E, converge the fooner, and fo fhorten the 
fecal Diftance o E ; but there will ftill be but 
one Point E, in which Parallel Rays, which 
come from one Part of , the Objedt crofi thofe 
which come from the contrary Part 5 and con- 
fequcntly there can be but one Jnverfion of 
the Objedfc , A B, and therefore the apparent 
Pofition of the Object muft be the fame as 
before, whether in the double or fingle Mi- 
crofcope. 

1 o. It is very eafy however to rectify this 
inverted Pofition of the Objedt in the double 
Microfcope, by the Addition of two more 
Lenfes, as will be (hewn when we come to 
treat of Telefcopqp ; and then it may be afked, 
Why is not this Addition commonly made to 
the Mkrofeopc, as it is to the Telefcope ? I 
anfwer, firft, It is not material in fmall Ob* 
jcdfcs how they appear fituated ; for inftance, 
there can be no more Advantage in feetng the 

Head 
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Head of a Mite lie towards the Right-Hand, 
than towards the Left. Secondly, the Objedk 
feen through 4 Glafles will not be fo bright 
and lively as through only 2 or 3 Glaflb. 
Thirdly, the Difpofition of three Eye-Glafies, 
that fhall eredt the Objedt, will occafion the 
Microfcope to be enlarged, and will very 
much alter the prefent commodious and beau- 
tiful Form thereof for the worfe. Not to 
mention, that four Glafles will come dearer 
than two or there. 

11. The inverted Image may indeed be 
made to appear right by two Eye-Glafles 
only : for if the lowermoft D F be removed 
a little farther from the Image A B, than it's 
focal Diftance, it wiH form a fecond Image 
on the Side, which may be viewed by a third 
Lens, placed at it's focal Diftance from that 
iecondary Image. But unlefs the Lens D F 
be extremely convex, the fecondary Focus 
will be at a greater Diftance than will be pro- 
per for this Machine 5 befides that, the Object 
will be very much coloured and diftorted; 
and, in fhort, any Method of rectifying the 
Object will prove a Remedy much worfe 
than the Difeafe. 

12. Concerning the vifible Area, or what 
is commonly called the Field of View in a 
Microfcope, you are to underftand the fol- 
lowing Particulars relating thereto. If the 
Image A B be in one Focus of the Eye-Glafc 
t> F> and the Eye QJR in the other, the Eye 

wjll 
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will fee juft fo much of the fkid Image, as it 
equal to the Glafs DF, either in Diameter 
or Surface > that is, in fqch a Cafe the Area, 
or Field of Fiew> is equal to the Area of the 
Glafe D F, or that Part of it which is open. 
This is evident from Chap. V, Art. 5, of this 
Part. 

13. But force, in this Cafe, the Pupil of 
the Eye is pofited in that Point E, where 
Rays coming from the Extremities of the 
open Part of the Lens as D E, F E, inter&& 
each other, it is evident the Eye takes in then 
the greateft Area pofljbte; and therefore an 1 
Object or Image AB, which is greater thaa 
the open Part of the Lens can never be all 
ieen at once, but one that is lefs than the A* 
perture of the Lens may. 

14, If the Eye be moved from the Focus 
E, eithar nearer to or farther from theGlafi 
DF, the vifibte Area will be diminiihed; 
and you will pot difcern fo mych of the 
Image as before at E ; For if it be meved 
nearer to the Glafs in the Axis E C, it will 
foon arrive to a Part of the Cone DEF* 
whole Diameter is greater than that of the 
Pupil, and confequemly the external Rays 
P E, and F E, will fall without the Pupil, 
and fo the Points of the Image A and B 
(whence they proceed) cannot be feen. 

1 5*. Df it approach ftxll nigher, it will leave 
the Rays f E, mE, and then the Parts AG 

O and 
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and BM in the Image, will not be feen. 
In like manner if it approach fo near, that 
the Rays AE, /E, are excluded, the Parts 
A H and B L will difappear ; and fo the 
Image will vanifh more and more from the 
Sight, till the Eye comes to be upon the 
Glate, and then it will perceive no more of 
the Image, than is equal to the Pupil of the 
Eye. And it is eafy to apprehend, that the 
fame things will happen if the Eye be re- 
moved farther off in the Cone AEB. 

1 6. The Eye by being moved tranfverfely 
through the Cone of Rays D E F or A E B, 
will fucceflively view all the Parts of the 
Image A B ; for fuppofe it enter the Cone 
DEF, on the Side DE, it will fucceflively 
take ih the Rays D E, g E, &&> &c. which, 
at the iame Time, render vifible the Points 
D> g> &> &c. in a diredl Order. But if the 
Eye entess the Cone BE4 on the Side 
BE, in pafling through it, it will indeed 
fucceflively view all the Parts of the Image 
AB, but in an inverfe Order, viz. from B 
towards A. 

17. I would add one thing for the Sake of 
thofe who make Microfcopes, and that is, 
that the Focus E, or Vertex of the Cone 
DEF, fliould arife fb far above the Top of 
the Microfcope, that when it is applied to 
view, it may be capable of receiving and ad- 
jufting the faid. Focus E : to the Pupil, for 

~. * thea 
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C H A P. IX. 

f 9 

Of the Nature and EJfe&s of a com- 
found Mkrofcopey with a double 
Concave Eye-Glafs. 

i. nr 1 H E Conftru&ion of this Microfcope 
M is reprefcnted in Fig. I, of Plate 
XXV. Where ab is the Objeft, and df the 
Objeft-Lens, as before. But the feveral Pen- 
cils of Rays adAfa, bdBfb, &c which, 
in the Microfcope with a Convex Eye-GIafs, 
formed the Image A CB, are in this Cafe, by 
the Interpofition of the double Cbacavs DEF* 
made to diverge ftilt more towards the Parts 
K and L j according to what has beei> taught 
of a double Concave Lens in the Theory, 

2. It has bee? alfo (hewn, th^tif any Rays 
dEf fall converging on a double Concave 
D E F, placed at the Diftance of the Radius 
from the Fofcus C of thofe Rays or Point, 
towards which they converge ; then thofe 
Rays will be fo refracted by the laid Concave, 
as to become parallel afterwards, and fo fit to 
produce dijlinft Vifion. The like is to be un- 
dcrftood of the Rays d D f, and d F f ; and 
therefore, 

3. A 
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3. A double Concave DEF, placed at the 
Drftance of the Radius below the Focus ACB, 
of the Rays proceeding from the Lens d f, 
will equally caufe a Paralldifm of thofe Rays 
by Refra&ion, with a double Convex GHI, 

• placed at the Diftance of the Radius above it 
And confequently A o f the diftind Vifion of 
the Qbje&ab, whence thefe Rays proceed, 
will be produced by a double Concave thus 
polked, as by the double Convex Eye-Gkfs. 

4. Let us fuppofe the Rays ad, bf, after 
they are refracted by the Lens d f, pafs pa- 
rallel to the Concave D F 5 then becaufe d D* 
and f F, are parallel, they will be fo refra&ed 
into DK and FL, that thofe Rays DK, FL, 
being produced below the Concave, fhali meet 
in a Point B in the Axis, which is the Center 
of Concavity $ from what has been (hewn in 
the Dodtrine of Concaves. This Point B 
therefore will be the Focus in which the 
Image ABC, of the Objedt acb, will be 
formed, and rendered vifible to the Eye. 

5. The fame things fuppofed, let AC, AB 9 
be drawn thro* the Vertex of the Concave E, 
irora eafch Extremity of the Image A C $ and 
becaufe the Diftance EJ3, EC, are equal, 
therefore the vifible Image AB C, will be equal 
."to the virtual Image ACB; or it will appear 
under an Angle ABC, equal to the Angle 
AEB. Wherefore, 

6„ Since the virtual Image AB, fubtehds 
the Angle AeB, under which the Obje£t a b 

O 3 appears 
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appears by the Lens df ; and the Angle AE B, 
under which it appears by the Concave D F, 
the Object will be magnified in the Propor- 
tion of thofe Angles; that is, the Object ab 
will be to the Image j4B t (or ^C)as the 
Diftance EC (or EB) to the Diftance Ee. 
See Chap. ir. Art. 9, of this Part, 

7. Hence it follows, that if the Radius of 
an equally Concave Eye-GIafe D F, be equal 
to the Radius of an equally Convex Eye- 
Glafs G I, the Power of magnifying will be 
the fame in both with the fame Objeft-Lens 
di : For fincc EB orEC is equal to C H, 
by fuppofition j the Angle AEC, or AEB, 
will be equal to the Angle AH B. But fince 
the optic Angles are equal from either Glafs, 
the Power of magnifying muft be fo too. 

8. Since the Pencils of Rays bF and a D, 
tend towards the fame Parts, where the Ex- 
tremities of the Objedl lie from whence they 
proceed, after they ate refra<fted by the Con- 
cave D F, the Eye will perceive the Pofition 
of the Image, to be the iame with that of the 
Objeft, and not inverted, as by a Convex 
Eye-GIais, wherein the Image is feen*by Rays 
which crofs or interfedt each other before they 
enter the Eye. 

9. Since the Rays, after they are refra&ed 
through the Concave D F, pafs on more di- 
verging, it is eafy to understand, that an Eye 
placed any where over the faid Glafs, can. 
perceive only that Part of the Objedt, whence 

thole 
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thofe Rays which enter the Pupil do proceed ; 
thus, if the Eye receive the Rays F L, it will 
fee the Part b; if the Rays DK, it will fee 
the other extreme a, but if the Eye take * in 
the middle Rays E C, the middle Part C of 
the Objedt will only be vifible. 

16. Hence it appears that the vifible Area, 
or Field of View in this Microfcope, is in 
Proportion to the Magnitude of the Pupil of . 
the Eye and the Denfity : For as the Pupil 
is greater or lefler, fo a greater or lefler Quan- 
tity of Rays will enter it; and confequently 
the vifible Area, or Part of the Objed, will 
be proportionably greater or lefs. 

11. Again, in Regard of the Denfity of 
Rays, it is evident the Pupil, placed where 
they are moft denfe, will colled: mod Rays, 
and therefore fee the largeft Part of the Ob- 
je£t poflible, and that is at the Concave Sur- 
face of the Lens itfelf. For as the Rays di- 
verge frpffi thence, they grow more rare, and 
. fo the higher the Eye is jaifed above the 
Glafs D F, the lefler Qnantity of Rays it Witt 
colled:, and confequently the more will the 
vifible Area' of the Obje<ft be diminifhed. 

12. In order to compute the vifible Area of 
the Obje<ft by this Microfco^e, let PP be 
the Diameter of the Pupil of the Eye, (Fig. 
2.) applied as near the Concave DF as po£» 
fible, d f the Objed-Lens, and A B the Ob- 
je<ft. From P, P, thro' the Center e, of the 
Lens d f, draw the Lines P a> P b> thefe will 

O 4 cut 
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cut the Objeft in the Points a and b; and 
fo a b will be the Diameter of the vifible Area 
of the Objeft AB. Soppofc the Objed, 
Lenfe*, and Pupil, all parallel to one another j 
it will be, As the Di fiance of the Concave DF, 
from the hens df, is to the Diftance of the 
Qtieit AB ; > h the Diameter tf the Pupil 
P r, to the Diameter of the vij&k Area ab. 

13. And therefore, for Example* If the 
Diftance of the Concave be 3 Inches, and 
that of the Objed i an Inch, and the Dia- 
meter of the Pupil ~ of an Inch; the Ana- 
logy will be, As 3 : i : : 1- x ,-— = the Dia- 
meter a b, of the vifible Area of the ObjeS. 
Now, as in this Cafe, this Diameter is 6 times 
leis than that of the Pupil, the whole circular 
vifible Area, will be but ope 36th Part fo big 
as the Pupil of the Eye. If the Power of 
magnifying were alfo 6 times, then the appa- 
rent or vifible Area in the Image, would be 
juft equal to the Pupil of the >£ye. 

14. Since thefe Microfcopes are capable of 
exhibiting but fo very fmall a Part of the Ob- 
ject, they are never ufed ; in as much as the 
Convex Glafics magnify as much, and take in 
a vaftly larger Area, which gives a Pleafure 
always in Proportion ; for the mote we can 
view, at once, the more we are delighted with 
the View. Indeed there is nothing to be kid 
for the Ufe of Concaves in Microfcopcs* but 
the* ihortening of the Inftrumenu For fup- 
pofing the £ye*Glafies of equal focal Lengths* 

that 
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that is, E C = C H, it is plain from the Fi* 
gurc, and what has been taught, that the 
Eye in view with the Concave, is nearer to 
the Object-Lens d f, than it is in viewing 
with tbp Convex, by 3 times the focal Length 
of the faid Eye-Glaftes. 
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CHAP, X, , 

* 

' Of Cata-dioptric or RefleSiing Mi- 

crofiopes. 

/ 

1 

I. Hp H E S E Microfcopes differ from the 
J[ common Sort, principally in this 1 
that whereas they confift wholly of Lenfes> and 
perform all their Effefia by Refra&w, thefe 
are conftrufted with one or more Speculum* 
and Lenfes conjomtly y and perform their Effefts 
partly by Refeftion, and partly by Refraftkn. 
Of thefe there are two Sorts, viz. 

2. The firft' Sort is that reprefented in 
Fig. 3. Plate XXV. Where iirftead of the 
Lens d e f, there is placed a fmall Speculum 
4efr> the Objed acb being placed above i^ 
at a litde greater Diftance than the Focus g % 
has it's Image ACB formed by Reflection, m 
in the other Cafe it was by Refra&iot thro* 
the Lens d f. Now if we fuppofe the fool 
of the Objeft-Spcculum def $ and 

Lent 
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Lens d c f the fame, the EfFeft of the Micro* 
fcope will, in other Refpeds, be the fame 
alfo. 

3. For, (1.) The Diftance of the Objea: 
a b above the Speculum, will be equal to the 
Diftance of the Objedt a b below the Lens, 
in order that the Image may be formed at 
the fame Diftance Ce. (2.) The Pefitim of the 
ObjeSi will be inverted-, for all the Rays flow- 
ing from the Point a % will be refle&ed by the 
Speculum to the Point A, in the fame Man- 
ner as if they eame by Refra&ion through the 
Lens from the Point a 5 thus the Part b in the 
Objeft, will be refle&ed to the Focus B in 
the Image, which therefore is inverted. (3;) 
The Power af magnifying will alfo be the [ami 
in both. For fince the Image AB, and the 
Obje& a b, ate feen under equal Angles, from 
the Vertex e of the Speculum, the Triangles 
aeb and A*B will be fimilar; and therefor© 
AB : ab : : Qe : ce*, but in the other it is, 
A B : ab t : Ce : ce. But the latter Ratio of 
thefe Analogies are the fame in both, and con- 
sequently the firft are fo too. 

4. This Microfcope is not fo eafy to ma- 
nage as the common Sort; for Vifion, by Re- 
flection, as it is much more perfect, fo it is 
far more difficult than that by Refra&ion. 
Nature fells her beft Commodities at very" 
great Prices generally. Nor is this Micro- 
fcope fo ufeful, for any but very fmall or 
tranfparent Objedts ; for the Objeft being 

, between 
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between the Speculum and Image, would, if 
it were large and opake, prevent a due Re- 
flection. 

5. / To make this Microfcope anfwer well, 
the following Things muft be obferved. (1.) 
The focal Diftance of the Speculum ought to 
be 1 i or 2 Inches. (2.) The Diameter or A- 
perture df, i Inch. (3.) The fmall Specu- 
lum fhould be placed in the Center of a larger 
one, inclined to the Bottom of an open Tube 
in ah Angle of 45 Degrees, that fo the Objedt 
may be illuminated by the Light refle&ed 
therefrom. (4.) In the Place where the Image 
A B is formed, fhould be placed a Diaphragm 
of Wood, as OP, with a Hpie QR, of fuch 
Size as to exclude all the imperfect Margin 
of the Object, or Field of View, and exhibit 
only the moft perfect and diftind Part there- 
of. ($.) The Eye-Glafs D F may be 1 £ 
Inch focal Diftance, and fhould be 10 or 12 
Inches diftant from the Speculum df. (6.) 
Laftly, the Aperture or Hole in the Eye, 
Plate, or Piece at Y, fhould be juft as big in 
Diameter, as the principal Pencil CE, toiz. 
equal to tnn % which is eafy to dejine; for 
fince the Triangles dCf and mCn are fimi- 
lar; it will be as Ce : CE : : df: mn % which 
therefore is known. 

6. The fecond Sort of Reflecting Micro- 
fcopes, is that of Fig. 4. Plate XXV ; whofe 
Performance is by two Reflections, and one Re* 

fraStion\ and is the Invention of Dr Smithy 

Profeflbr 
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Profeflbr of Aftronomy, &c. at Cambridge: 
the Theory and Conftrudion of which follow. 
. 7. A D is a large Concave Speculum, and 
ad a Irrlall Convex one-, each perforated in the 
middle with the Holes BC, be: Both thefe 
are Segments of the fame Sphere, or ground 
on Tools of an equal Radius, viz. of 2 Inches, 
that fo the focal Diftance of each Speculum 
may be juft one Inch. 

8. Thefe two Specula are placed at the 
Diftance of about 1 i Inch from each other, 
that fo an Objed; O P Q^being placed a little 
below the- nether Speculum might be be- 
tween the Focus F, and Center E, of the 
larger Speculum. Things thus conditioned, 
the Rays PA, PD, which flow from the 
Point P in the Objed, on the Speculun* AD, 
will be refleded towards a Focus p> where 
an Image op q would be formed, if the Rays 
were not intercepted by the Convex Speculum 
a d, and the Point p being nearer than it's Fo- 
cus f, the Rays A a, Dd, which tend or con- 
verge towards it, will be refleded to a Fqcus 
P, where the laft Image OPS^ will be form- 
ed, to be viewed through the Eyc-Glafe G, 
by the Eye at L 

> 9. Such being the Strudure of this Micro- 
fcope, the EfFeds thereof may be explained 
as follows. Becaufe the Objed and Image is 
feen from the .Vertex V of the Concave Spe- 
culum, under the fame or equal Angles O V Q^ 
and oVg j therefore (fuppofing the Speculum 

ad 
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ad away) the Object OQ^would be to it's 
Image oq y as VP toi Vp\ and fo the Object 
is not ipuch magnified by the large Concave, 
which is not the Defign of it, but to give the 
Rays a proper Degiree of Convergence on the 
lefler or Convex Speculum a d, for the Pur- 
pofe of magnifying. 

- 10. For the Image op j, v is no w to be con- 
fidered as a virtual Object to the real Image, 
formed in the Focus P, by Rays reflected from 
the Convex Speculum a d. And fince by the 
Theory, the Objeft and Image appear under 
equal Apgjes at the Center of any Speculum, 
if from e, the Center of the Speculum a d, be 
drawn the Rays ej^ and eoO; then (hall 
,OP^ be the laft magnified Image of the 
Object PPQ. Which feen by the Eye I, 
through the ITye-Glafe G, is to the Ofc^eft 
OP(^feen by the Eye at the Diftance 
of fix Inches, in the compound Ratio of 

GxVpxeP 

»- } " ^ ' - I ' — -^ ■ ^^*~ * 

VPxe>xPG 

11. For, (1.) The Objed OPQJs feen by 
the naked Eye, at the Diftance of 6 Inches, 
under an Angle, which is to the Angle OVQ^ 
under which it is feen from the Vertex of the 
Speculum AD, as V P to 6 ;. and ib the firft 

6 
Ratio of magnifying is rr^, (2.) Thd Image 

opq is to be considered now as an Gbjed, 
and the A^gle oVq, iwpder which it is feea 

from 
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from the Vertex of the Mirrour A D, is to 

the Angle otq> under which it appears from 

the Otter of the Mirrour a d, as cp to p V, 

and fo the fecond Ratio of magnifying is 

Vp 

— . (3.) The Image OP^ appears under 

an Angle, at the Eye-Glafs G, which is to 
the former Angle QcO, as e^toPG, and 
therefore the third Katio of magnifying is 

eP 

5-^. And fo the whole Power of magnify- 

ing is exprefied by a Composition of thefe 

6 V P eP 

Ratios, viz. x — x . 

VP cp PG 

12. To exemplify this, fuppofe the Diftance 
of the Mirrours Vv = 1.6, and that v? = 
O.1143, fo that VP= 1,7143; then will 

6 

the firft Ratio be . Then having the 

Diftance. VP of the Objeft, that of the 
Image Vp will be found = 2,4; by Theor* 
14, of the Theory. And therefore we have 
ep=z 1.2 s and fo the fecond Ratio will be 

\ p 2,4 

~£- == — = 2. Laftly, having the Diftance 

ep i>z 

of the Object vp from the Convex Mirrour 
5=10,8; we (hall find the Diftance of the 
Image v P = 4, by Theor. 1 o, of Catoptrics ; 

and 
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eP 4 

ierefore the third Ratio is = — > 

PG 0,5 

fuppoie the focal Diftance PG t of the 
31afs G. to be i an Inch. So that -the 

6 
e Power of magnifying will be 

, >7 I 43 

4 * ' 

x — = 56 s that is, the Objedt will 

, magnified 56 times by this Microfcope. 

13. But the Author of this Microfcope 

jpofes the Object to be, at 8 Inches from 

e naked Eye, for diftindt Vifion ; and alfo 

at by fuch a Combination of Speculums, 

ie Confufion arifing from an Aberration of 

Jays is fa far avoided, that an Eye-Glafs G 

nay be ufed, whofe focal Diftance PG is not 

greater than 0,18, or 0,15 of an Inch, and 

that then the Microfcope will magnify 300 

times. They that will, may fee a great deal 

It concerning the Strudure and Dimenfion of 
1 Parts, with all the neceflary Cautions for 
* Workmen in fitting up fufch a Microfcope, in 
the Author's Remarks on his Treatife of Op- 
1 tics, from Page 87 to 97. 

14. This Microfcope being fo near allied to 

> the Reflecting Telefcope in it's Nature, tftat 

I what might be here further laid with Refpeft 

• to the Aberration of Rays, &c. will be referred 

to thofe Chapters, wherein the Theory of thefe 

Telefcopes is more perfectly confidered. 

- : CHAR 
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CHAP. XI. 

Of Tele/copes in general ; and of the 
common Dioptric Tele/cope in parti- 
cular. 

I. HT 1 H E lele/cope is the next principal and 
J[ moft ufeful optical Inftrumcnt. The 
Word is of Greek Derivation, and fignifies, 
tfbe Perfe&ioti rf the Sight or View. For as 
our Sight, at beft, extends not far with DU 
ftindncfe, fo moft Bodies ikuated on the 
Earth, and all thofe in the Heavens, are fo 
remote from the,Eyc, that unlefs it were a£» 
filled with a proper Inftrument, it would be 
uncapable of a nice, diftind, and compleat 
View, and fo we could never be able . to form 
any juft, regular, or adequate Ideas of thofe 
Obje&s, or their Parts, Forms, Colours, Mag- 
nitudes, &c. 

2. But, by means of the Telefcope, re- 
mote Obje&s are made to feem near, fmall 
apparent Magnitudes are enlarged, confufed 
Obte&s are rendered diftimft, and the invifible 
and obfeure Parts of very diftant things, are 
brought out to Sight, and rendered clear to 
the View i which therefore it greatly perfe&s 9 
and merits the Name it bears wkh the greateft 
Propriety. 

3- Of 
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3. Of Telefcopes there are two Kinds, ac- 
cording to the two different Sorts of Vifion, 
viz. by RefraBion through Lenfes, and Re-- 
JkSlion from Mirrburs. The Telefcope there- 
fore which is conftrufted with Lenfes, and 
performs it's Effects wholly by refra&ed Light, 
is .called a Dioptric Helefcope \ and is that in 
common Ufe. But the other Kind of Tele- 
fcope performs it's Effe&s partly by Refle8ion> 
and partly by Refra£Hon> and therefore is 
compofed of Mirrours and Lenfes jointly ; on 
which Account it is called a Caia-dioptric Te- 
lefcope, or, moil commonly, a Reflecting Te- 
lefcope. ' , 

' 4. The eflential Parts of a Dioptric Tele- 
fcope are two Lenfes, jiB and EY; (See 
Fig. 1. Plate XXVI.) of which AB is. called 
the Objedt-Glafs, and EY the Eye-Glafs, 
for the Reafons thofe were, in the Micro- 
fcope, fo called, Thefe two Glafles are fo 
combined in a Tube, that the Fpcus of each 
is coincident in the fame Point F between 
them. 

5. This being underftood, let OB be a 
vaftly diftant Objeft ; the Rays then which 
come from it to the Objedt-Glafs will be near- 
ly parallel. Suppofe t\yo of thefe Rays be 
64 and B£, thefe Rays in pafling through 
the Glafs AB, will be made to converge to 
it's focal Point F, where they interfedt each 
other, and pafs on to the Eye-Glafs E Y * but 
F being aUb the Focus of the Glafs E Y, theft 

P id 
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in pafling it will be again made parallel, and 
fo entering the Eye, will produce diftinff Vi- 

fan of the difiant Objeft O B, according to 
the theory. 

6. The Eye fees it alfo magnified ; for O B 
being vaftly diftant, the Length of the Tele- 
icope is* inconfiderable in Regard of it ; and 
therefore fuppofing the Eye viewed from the 
Center of the Objeft-Glafs C, it would fee it 
under the Angle OCB ; let OC and BC be 
produced to the Focus of the Glafs, they will 
there limit the Image IM, of the Objeft 
formed in the faid Focus. From the Extre- 
mities of the Image I M« let the two parallel 
Rays proceed to the ocular Lens E Y, thefe 
•will be converged in it's Focus D, and the 
Eye will there fee the Image under the Angle 
EDY; all which is evident from the Princi- 
ples before laid down. 

7. Therefore the apparent Magnitude of 
the Object, feen by the naked Eye, is to that 
which is viewed in the Tclefcope, as die 
Magnitude of the Angle OCB, or I CM, is 
to that of the Angle EDY, or IGM: (for 
fince GD= GF, and IM = EY, the 
Angle EDY = IGM) But the Angle IGM 
is to the Angle I CM, as C F to F G. (by 
Art. 9. Chap. IL of this Part.) Therefore the 
Magnitude of the Objed by the naked Eye, 
is to that by the Telefcope, as CF to FGj 
that is, as the focal Length of the 06je8-GJafs } 
to the focal Length of the Eye-GJafs. 

8, The 
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8. The Objeft will alfo appear inverted by 
this Telefcope, in the Foajs J M, the Reafon 
of which has been explained in the ConftrijG- 
tipn of the Microfcope with a iingle Eye* 
Glafs, and is evident from the Scheme itfelf. 
And, in fhort, they who understand , the 
Do&rine or Theory of the Microfcope, muft 
needs know that of the Telefcope, becaufp 
the Analogy of Conftru&ion in both is fo 
vsry much the feme. 

9. As to the Powenof magnifying by thefe 
Telefcopes^ it appears from the foregoing Pro- 
portion, (Art. 7.) to be capable of vaft Ailg- 
mentation 5 becaufe the focal Length of the 
Objed-Glafi C F may be vaftly increafed, in 
Regard of the focal Length of the Eye-Glafa 
F G, in the lengthening of the Inftroment. 
Thus, if C F = 36 Inches, and FG = 1 Inch, 
this Inftrument will magnify the Diameter of 
Objects 36 times, their Surfaces 1296 times, 
and their Solidity 46656 times. 

10. If now you would enlarge the Tele- 
fcope, and chufe an Qbje<5t-Glafs 10 Feet Fo- 
cus, or 120 Inches, the focal Length of an 
Eye^Glafs of about 2 Inches, will be Suffi- 
cient 5 and then will the Diameter of Obje&a 
be magnified 60 times, their Surfaces 3600 
times, &c. which is vaftly more than, the for- 
mer, and yet the Object nearly as diftinft. 

11. Again, if you would ufe an Obje<9fc- 
Glafs of 40 Feet focal Length, you fit there- 
to an ocular Lens of 3 * Inches j and then 

P 2 will 
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will fuch a Tube magnify the Diameters of 
Bodies (with the fame Diftindtnefs) near 140 
times. If, laftly, the Length of the Focus 
in the Objedt-Glafs be 100 Feet, or 1200 
Inches, then an Eye-Glafs of 5 * or 6 Inches 
Focus will be fufficient ; and fuch an one will 
magnify the Diameter of Obje&s 200 times; 
the Surfaces 40000 times ; and the Solidity 
8000000 times ; which, though \t is fb pro- 
digious an EfFedt, has been exceeded by Te- 
lefcopes of this Sort made by forne Artifts ; 
particularly that of Mr Huygens, which was 
120 Feet long. 

12* But then thefe very long Telefcopes 
magnifying fo much, are not fit for viewing 
Objcdts on the Earth, becaufe the^ have not 
Light enough when thus magnified, to render 
their Images vifible. For fuppofe of two Te- 
lefcopes, one magnifies 1 o times as much as 
the other, then in the focal Space or Area, 
there will be 10 times lefs in Diameter (and 
confequently 100 times lefs in Surface) of the 
Objedt reprefented by the greater Magnifier, 
than by the lefier j but the Light on the Sur- 
face of the Objed being the fame, it is plain - 
the Quantity of Light in the focal Area r (of 
the iame Dimensions in each Tube) will be 
100 times lefs in the ereat Telefcope, than in 
,the fmall one ; and therefore a Telefcope a- 
bove 6 or 8 Foot long, is not fit for terreftrial 
Ufes. 

13. What 
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13. What has been faid about the Illumi- 
nation of the Image in the Telefcope, fup- 
pofes the Aperture of the Objedt-Lens to be 
the fame in both the Tubes $ but when the 
Tube is to be enlarged, it will bear a greater 
Aperture alfo, and will therefore admit of 
more Light * thus if a Tube of 4 Feet may 
have an Aperture of 1 Inch, a Tube of 30 
Feet will admit of an Aperture of 3 Inches. 
But the Light entering by thefe Apertures, 
will be as the Squares of their Diameters; that 
is, as 1 to 9 ; or 9 times more Light will en- 
ten the Aperture of the greater Lens, than 
that of the lefler ; but then, fince the Image 
of Obje&s, by the greater Lens, is to that 
formed by the lefler, as 30 to 4 in Diameter; 
they will be in Surface, as 900 to 16, or as 
55 i to 1 ; and therefore the Light on the 
&rae Area of the Image, will be $5 times 
lefs in the greater Tube, than in the lefler 
one 5 therefore the Light in thefe two Tele- 
fcopes, will be as 9 to 55 nearly; that is, 
above 6 times greater upon the Image in the 
lefler, than in the larger one* 

14. Since the Power of magnifying, is the 
Proportion of the focal Length of the Objeft 
and Eye-Glaffes, and this Proportion being to 
be varied in any Degree, in any Length of a 
Telefcope, it may feem ftrange that a (hort Te- 
lefcope will not anfwer that Purpofe, as well 
as a long one. But they who thus think, mull 
conlider, that if the Power of magnifying be 

P 3 augmented, 
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augmented, the Length of the Telefcopc be- 
ing the fame, it is neceflary to diminish the 
focal Length of the Eye-Glafe in the fame 
Proportion ; but this can't be done by reafori 
of the great Confufion of Colouring and Di- 
stortion of the Image, on Account of the too 
great Convexity of the ocular Lens in fuch & 
Cafe. 

1 5. For fuppofe in a Tefefcdpe of 3 Feet, 
the Power of magnifying be as 7;, (See Art. 9.) 
if you would augment this Degree of magni- 
fying 5 times, (viz. makes it as —) then 
muft you have an Eye-Glals not above 5 of 
an Inch focal Length, and this would be fo 
very fmall as to admit of an Aperture not 
bigger than the Pupil of the Eye, nor would 
the Aperture of the Objedl-Glafs admit of 
Light enough to illuminate the Objeft. On 
both which Accounts, the Defign and Ufe of 
a Convex ocular Lens would be fruftrated. 

16. But fuppofe you require it to magnify 
bttt twice as much as before, viz. that the 
Power be as 7 i ; even this can't be done con- 
veniently for the fame Length of the Tube/ 
For, (1.) The Lens being but i an Inch fo- 
cal Length, will not admit an Aperture of 
above ~ of an Inch conveniently, to view 
theObjedt diftin<31y, which is ftill too fmall. 
(2.) The Aperture of the Objeft-Glafs will 
then be too fmall, to admit a requifite Degree 
of Light. - (3.} This Aperture of th* Objed* 
Lens can't be enlarged, becaufe there would 

be 
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be then too much Light for the Power mag- 
nifying, which would produce Confiifednefe 
in the Image. (4.) Neither muft we attempt 
to enlarge the Aperture of the ocular Lens ; 
for then the Rays would fall too far from the 
Axis of the Lens, to be fent parallel to the 
Eye, and therefore would prevent dijlinft 
Vifion. 

17. On thefe, and fome other Accounts, it 
is evident, that if we would increafe the Power 
of magnifying, we muft neceflarily increafe 
the Length of the Telefcope, by ufing an Qb- 
jeft-Lens of a greater focal Length ; for it 
principally depends on that, the focal Length 
of the ocular Lens being very little augment- 
ed. As for Example, if the Power of mag- 
nifying in any Telefcope be known, or made 
a Standard, that Power, in any other Tele- 
fcope, may be augmented to any Degree you 
pleafe, in the following Method. 

18. The Eye-Glafs muft have the focal 
Distance fuch a Number of Inches, as is ex-< 
preffed by the propofcd Degree of magnify* 
iflg ; and the fame Number fquared, and mul- 
tiplied by the focal Diftance of the Objedt- 
Lens of the lefler Telefcope, will give the fo- 
cal Length of that required* 

19. Thus if the Telefcope, in Art. 9, be 
the given one, or Standard, whofe Power 
is ~ 5 and you would increafe this Power mc& 
and "an half, or make it ~, then muft the 
Eyc-Gkfs of the enlarged Telefcope be 1 i 

P 4 ~ Inches s 
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Inches ; the Square of which is 2 i, which 
multiplied by 3, is 6 i Feet for the focal 
Length of the Objeft-GIafs in the Telefcope 
required. Again, if it be required the Tele- 
fcope fhould magnify twice as much, then 
muft the focal Length of the ocular Lens be 
2 Inches ; the Squares whereof, 4 multiplied 
by 3, gives 12 Feet for the Diftance of jhe 
Focus in the Objed-Lens. And thus a Tele- 
fcope that ihall magnify 3 times as much, 
fhall have an Eye-Glafs of 3 Inches focal 
Length, and an Objcdt-Glafs of 27 Feet. 
And univerfally in Telefcopes of this Sort, 
Ike focal Diftances of the Obje£t-Glaj[es y Jhould 
be always nearly in Proportion to the Squares 
of the focal Diftances of the Eye-Glajes. 

20. But (as I have before obferved) when 
Telefcopes of this Sort are made of a great 
Length, they are not fit for viewing terre- 
ftrial Objedts, but are appropriated to cele- 
ftial ObferVations : But for fuch Purpofes the 
Glafies are not managable in Tubes, which 
are either too flight and apt to bend, or too 
' bulky, heavy, and unwieldy, if made ftrong 
in Wood : And therefore the Objedt-Glafs is 
generally fixed on the Top of an high Pole, 
&c. and an Eye-Glafs fo adjufted thereto, 
that their Axis exactly coincide, and thus 
they view the heavenly Bodies which pais 
along the Ecliptic. This . Form is called an 
ferial Jelefcope. 

si. For 
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-21. For Tubes in Telefcopes, as they an- 
fwer the Purpofe of a Dark Chamber to re- 
prefent the Images of Objefts in, have here 
no Ufe in that Refpedt j for the Night being 
the Time for Agronomical Obfervations with 
the Telefcope, it is generally dark enough of 
iffelf, without a Tube, and the celeftial Ob- 
jedts being very bright, make very clear, di- 
flindt, and bright Images, let the Telefcopes 
magnify as much as they will. 

22. Tho' the brighter the Objed, the lefs 
the Aperture of the Objedt-Glafs fhould be ; 
thus in viewing the Sun, or Venus, we are 
obliged to ufe a fmaller Aperture than for the 
Moon, Mars, Jupiter, or Saturn, and their 
Satellites. And tho' (as was {hewn Art. 8.) 
in this Telefcope with one Eye-Glafs, the 
Object is inverted, yet this is not heeded by 
Aftronomers, it is all one to their Purpofes 
which Part of the Sun, Moon, or Planets, 
appears Eaft or Weft, North or South. 

23. But in viewing terreftrial Bodies, this 
Inverfion of the Objed can't be admitted ; it 
would be unnatural and difpleafing to fet the 
Earth above, the Sky beneath ; Houfes, Trees, 
&c. turned Topfy-turvy, &c. Tp remedy 
this Inconvenience therefore, there are added 
two other Eye-Glafles, LN and RS, (See 
Plate XXVI. Fig. 2.) which ereft the Ob- 
jed, and fo make all things appear in their 
natural Portions. 

24. In 
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24. In order to effe& this, the firft of thefe 
two Glaffes, viz. L N, *is placed at twice it's 
focal Diftance from the former Eye-Glafs 
E Y, (for they are all three fuppofed to be of 
the fame Sphere) and the other R S, at the 
feme Diftance from it. Now the Pencils of 
Rays being made to interfeft each other, by 
the firft Glafs E Y, in it's Focus D, and at 
the fame Time, the Rays of each Pencil made 
parallel ; thefe Pencils will be rendered paral- 
lel by the fecond Glafs L N, and their Rays 
made to converge in it's Focus F-, where they 
now jeprefent the Image of. the ObjeS eredfc, 
in the Points J, JF, M. The Pencils pro- 
ceeding parallel from hence to the third Eye- 
Glafs R S, are by it collefted together in it's 
Focus P, where their Rays again made pa- 
rallel, render this ereft Image diftindtly vi- 
fible* All which is evident from the Scheme, 
and the foregoing Theory. 

25. Notwithftanding it is ufual to ufe three 
Eye-Glaffes, as before explained ; yet two 
will eredt the Obje£t> and keep the lame 
Magnitude of the Image. For fuppoie the 
middle Lens L N, taken quite away, if the 
firft Lens EY, be placed at D, which is 
double it's focal Diftance from the Image 
I M j it will, at the fame Diftance D F on the 
other Side, form a fecondary Image 1 M y 
equal to the primary Image I M, and alfo in 
a contrary Pofition, (by Thcor. 17. Chap. II. 

of 
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of X>ioptrics) that is, it will be juft the £tme 
in Magnitude, Pofition, and Place, as it was 
by two Lenfea. 
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CHAP. XII. 

Of Galileo * Telefcope, or ProfpeBivt 

Glq/s, 

1. r^T* Ef 1 S is a Telefcope compofed of ft 
J[ Convex ObjeQ>Lcns AB> and a Con- 
cave ocular Lens E Y. (fee Pig. 3.) -It is the 
firft Form we have of a Telefcope, and was 
invented, and applied to Ufe, by that celebra- 
ted Italian Philofopher Galileo* • who lived in 
the Beginning of the foft Century. 

2. The Theory of this Telefcope, is en- 
tirely the fame with that of a Microfcope, with 
a Concave ocular Lens, in Chap, IX, al- 
ready explained- For this Telefcope repre- 
fents Obje&s JifiinSf and ere&, and magnifies 
them in Proportion of the peal Length of the 
ObjeSt-Glafs, to the focal Length &f the Eye- 
Glafs ; and the Eyfe the neuter it ts applied to 
the Lens E Y, the larger Area it takes in 5 
and ftill greater there in Proportion to the 
Largenefs of the Pupil tf the Eye j the Reafoa 
% of all which has been there explained, and k 

evident 
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evident in comparing the Figure of this Tele* 
fcope and that Mierofcope together. 

3. Now though the vifible Area, or Field 
of View, in this Telefcope, depends on the 
rupil of the Eye, yet it is of much greater 
Service here than in the Mierofcope ; becaufc 
in that the fmall invifible Parts of near Bodies 
were to be magnified in a very large Image, 
of which the Pupil can take in but a fmall 
unfatisfa&ory Part ; whereas in the Telefcope, 
the Parts of large diftant Bodies are to be ren- 
dered diftindfc in a fmall Image, in the Focus 
of the Objed-Lens, which Image the Pupil 
of the Eye can generally take entirely in, 
and thereby view the whole Objed, or Pic- 
ture of Obje&s, at once, which is fufficient 
Satisfaction. 

4. I (hall make this eafy by an Example. 
Fig. 4. Let AB be the ObjeS-Lens of this Te- 
lefcope, 4 Feet focal Length, and E Y the ocu- 
lar concave Lens. Let O B be an Objeft to be 
viewed, whofe Height is 40 Feet, and Diftance 
A O 3 Miles, or 15840 Feet. Now fince it 
was fhewn in the Theory, that the Objedt 
and it's Image are as their Diftances from the 
Lens AB, fey, As the Diftance AO 15840, 
is to BO 40, fo is the focal Diftance of the 
Lens AB 4, to t^ of a Foot for the 
Length of the Image I M, which is about £ 
of an Inch, the Pupil of (he Eye being 
larger than that, will take in the whole 
Image I M, and fo be able to view the whole 

Objea 
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Objedk O B, at once, with great Pleafure and 
Satisfaction. 

5. If the focal Length of the Concave be 
i Inch, then will the Objett be magnified in 
the Proportion of 48 to 1, that is, it will ap- 
pear 48 times higher, and therefore 48 times 
Higher alfo than to the naked Eye ; that is, a 
,Perfon, by the Help of the Telefcope, will 
be as well able to view the Objedfc OB at 3 
Miles Diftance, as he would by the naked 
Eye* at the Diftance of 330 Feet; which is 
but the 48th Part of 3 Miles. 

6. On this Account they are of great Ufc 
to People for viewing of terreftrial Objeds ; 
but ftin of much greater Ufe for viewing of 
the heavenly Bodies. For an Objedt-Lcns of 
5 Feet Focus, will bear an Eye-Glafs of but 
1 Inch ; and fuch a Telefcope will magnify the 
Diameters of the Planets 60 times, and their 
Surfaces 3600 times, which is fufficiently 
enough to render the Spots in the Sun, the 
Horns of Venus, the Satellites of Jupiter, and 
Ring of Saturn vifible, if well managed ; the 
Truth of this I know very well by Experience. 

7. Again, the Field of View being fo fmall 

in thefe Tubes, is not fo much to be infifted 

on here, where the Images of the Planets are 

, vaftly lefs than the vifible Area y except of the 

Sun and Moon 5 Jupiter, and all his Satellites, 
are many Times to be fcen at one View, in 
thefe Telefcopesj though it muft be acknow- 
ledged^ that there is fome Difficulty in find- 
ing 
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CHAP. XIII. 

Of the manifold TJfes of a Dioptric 
Telefcope^ viz. in Jhewing the Spots 
of the Sun y Eclipfes> &c. in a dark 
Chamber ; in Surveying and Level- 
* * n g y in Meafuring the Diftances of 
ObjeEts at one Station ; and divers 
Aflronomical Purpofes. 

l.TPHE Ufcs of the Dioptric Telefcope 
JL are many, and of vaft Importance to 
the Sciences and civil Ufes of Life, fomc o£ 
the principal x?f which I (hall concifely point 
out and defcribe in this Chapter. 

2. And, firft, to view the Spots in the Sun 
through this Telejcope. Fit the Telefcope to a 
Focus for viewing the celeftial Bodies, and 
then take a circular Tiece of plain and clear 
Glafs, and hold it a little above the Point o£ 
the fteady Flame of a Candle, till it be uni- 
formly blackened over with the Smoke ; then 
applying this fmoked Glafs before the Eye- 
Glafs next the Eye, and you will be able to 
view the fplendid Face of the Sun without 
Offence to the Eyes, and with Pleafure fee 

the 
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the various Spots, ©V. difperfed here and there 
upon it, 

3. But the beft Way of viewing the Spots 
in the Sun, is by fixing the End of a Tele- 
fcope of about 4 or 5 Feet long/ into a Sciop- 
trie Ball, fixed to the Hole PQjof a Win- 
dow-Shut HK, in a darkened Chamber. (See 
Fig. 5.) In this Cafe one Eye-Glafs E Y is fuf- 
ficient, whofe Focus let be F, and let I M be 
the Image of the Sun, formed in the Tube 
by the Obje<3-Glafs AB % in the moveable 
Ball. Now it has been fliewn, that in view- 
ing Obje&s with the Eye through the Tubes, 
the Image I M muft always be cxadly in the 
Focus F of the Eye-Glafs, to produce di- 
ftindt Vifion. 

4. For then the Rays EO, YO, proceed- 
ing from any Point O in the Image, would 
have pafled parallel after Refra&ion thtough 
the Eye-Glafs E Y. But now, for this Pur* 
pofe, the Eye-Glafs is to be drawn a little far- 
ther from the Image than is it's focal Di- 
ttance, and then a Pencil of Rays E O Y, pro- 
ceeding from the Point O, will be made by 
the Eye-Glafs to converge to a Focus R, ac- 
cording to Theor. 16, of Chap. I, of Diop- 
trics. In this Focus R therefore, the Image 
I O M will be formed anew, and in an ere£i 
Pofition, in the Image I KM. 

5. The Diameter I M of this fecondary 
Image, is to the Diameter of the former I M , 
at the Pittance QR, to the Pittance GQ, by 

the 
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the Theory. Thus if G O be 1 ; of an Inch, 
O R will be 5 Inches, and fo the Diameter of 
the Image IM, to the Diameter I M, as 5 
to 1 i. If the Focus G F be 1 Inch, and 
it's Diftance from the Image FO be -^ of an 
Inch 3 then will GR be n Inches, viz. 10 
times as large as GO, and therefore IM will 
he 10 times as large as I M, and confequently 
the Surface of the fecondary Image will be 
100 times as large as that in the Tube IM. 
And therefore a Shedt of Paper held in that 
Focus R, • will receive the vaft Image IM of 
the Sun's Face, and the Spots therein will be 
very large and diftindl. I have fometimes ex- 
hibited the larger Spots this Way, near an 
\ Inch in Diameter. The Moon may likewife 
f: be fliewn this Way 5 but her Light is too 
- faint to make the dark Parts appear well. But 
; an Eclipfe of the Sun is this Way, the beft of 
i' any, fliewn to an Advantage. This is a moft 
agreeable Sight. 

5. Suppofe then ELC and YMC, two 
Rays proceeding from the extreme Limbs of 
the Sun's Difk, and paffing through the Cen- 
ter C of the Objedt-Lens ; they will define 
the Extremities of the Image I M, and falling 
on the Glafs EY, will be converged to the 
Point D, where crofling each other, they pro- 
ceed to limit the Extremities of the Image 
IM. Now IDM is the Angle under wliich 
this Image is.feen at the Diftance DR, by the 
Eye, and is equals to the Angle EDY: But 

■♦%'....* " o jthfc 
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the Angle £ D Y is a little larger than it would 
be, if the Image I M were in the Focus F : 
(becaufe GC is then fomewhat Shorter, and 
con&quently GD fomewhat longer) There- 
fore the Image I M, at the Diftance D R, is 
feen fomewhat larger than the Sun appears in 
the Telefcope adapted for diftind: Vifion. 

6. In Surveying, the Ufe of the Telefcope 
is admirable ; the Bufinefs here is to take the 
angular Diftances between diftant Obje&s on 
a Plane truly horizontal ; or elfe the angular 
Elevation, or Depreffion of Objedis, above or 
below the Plane of the Horizon ; in order to 
obtain either of thefe Sorts of Angles to a re- 
quifite Degree of Exa&nefs, it is neceflary the 
Surveyor ihould have as clear and diftindt a 
View, as poffible, of the Obje&s, or Station 
Staves, which he fixes up for his Purpofe, that 
he may more certainly determine the Point or 
Part of the Obje<ft viewed, which exa&ly cor- 
refponds to the Line or Edge of the movable 
Arm (or Alidade) on the Theodolite, which 
cuts off the Degrees and Minutes contained 
in the required Angle. 

7. Now as thefe Obje&s are generally at 
too great a Diftance, for the Surveyor to be 
able to difcern fo well with the naked Eye, 
he takes the Affiftance of the Telefcope, and 
thus obtains his Ends compleatly on two Ac- 
counts, viz. (1.) His having a more perfect 
Sight of the Objedt, by the magnifying Power 
of the Glafe; and, (2-) His being able to 

determine 
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determine the aforefaid Point in the Objed 
by means of the Crofe-Hairs in the Focus of 
the Telefcope. 

8. That he is affifted greatly, in the Sight 
of his Obje&s, by means of the Telefcope, is 
evident; for foppofe the Telefcope were but 

13 Inehes long, it will admit of an Object 
Lens of 12 Inches, and an ocular Lens of 
1 Inch, and will therefore magnify the Dia- 
meter of Obje&s 12 times; that is, it will 
make the Obje&a appear 12 times nearer to 
the Surveyor than they are, and confequently 
he can view them iz times more diftindly 
than by the naked Eye. 

9. Again, in the fecond Place, by means 
of the Crofs-Hairs in the Focus of the Tele- 
fcope, he is able to determine exaftly that 
Pit? fit or Line in thfc Object, which is in th6 
Plane that pfafles through the Center of the 
Theodolite, and the Degree and Minute in 
thi Limb of thfe Circle, which is the Quan- 
tity of the Angle required. For thefe Crofs- 
Hairs, or Wire, being fo placed in the Fo- 
cus, as that one of them is parallel to the Ho- 
rizon, and the other perpendicular thereto, 
and their Foint of Interferon being exa&ly 
in the. Axis of the Tube; it follows, that the 
Point in the Object, which anfwers the Point 
of. the Interfe&ion of the Wires, or the Line 
in the Objedfc, which is covered by the verti- 
cal Wire in the Tube, is the Point or Line 
inquired j and which alone can give the Angle 

Qjz with 
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with Certainty, and this is the very Grounds 
and Foundation of all Surveying and Levelling. 

10. There is another Ufe to be made of the 
Dioptric Tclefcope, very Angular in it's Na- 
ture ; and that is, to tneafure the Dijiance of 
an Objedl at one Station. This is the great 
Defideratum of Geometry, which furnifhes 
Methods enough to do it at two or more Sta- 
tions, but none at one. Yet this, in Theory, 
is perfected by Jthe Telefcapc, and in a good 
Degree to be ascertained in Practice. 

1 1. The Theorem for this Purpofe is ob- 
tained from Theor. 1 6, Chap. I, of Dioptrics, 

dr 
viz. - = v. For hence we have dr = 

d— r 

dy—yr, and then dy — dr=.yr y whence 
we. have this Analogy, y — : r : :y : d-, that 
is, in Words, As the Difference between the 
focal Dijiance of the Ob/erf, and RdSui. of 
the Objeft-Lens is to the f aid Radius ; Jo is the 
focal Dijiance of the Objeff, to it's true Di- 
jiance from the Objeft-Lens. But the three 
firft Terms of this Analogy are known, or 
may be known very eafily ; and therefore the 
fourth Term or Diflance of the Objedt is 
given. 

12. For the Radius of the Objedl- Glafs is 
known by holding it in the Sun, and meafcr- 
ing the Diftance of the Sun's Image there- 
from* when brighteft and moil diftinA, for 
that will be the Radius of the Lens, as was 

lliewn 



It 



Si M'® 1 



g-ip-iw^swjflir 



IstliSieics.iSV"**- 




I 



f B .. ■; , ■ - ■ 










f 



•* p • * » 



i 

4 

s 






r 



* *. 



i 



±*S**i-' <«M^M 



Of Optical InJtrumentL 245 

ihewn in the Theory. Then for the focal 
Diftance of the Objedl in the Tube, you are 
firft to get a pretty good Sight of the Objedl, 
and then Aide in the Drawer till the Objedl 
begins to appear obfcure, and mark that Place 
on the Tube precifely ; again, draw out the 
Tube till the Objedl begins again to be ob- 
fcured, and then make another mark on the 
Tube at the End of the Drawer, as before* 
Laftly, take the middle Point between thefc 
two Marks, and that will be the Point where 
the Image of the Objedl will be formed moil 
diftindl, which you are to meafure nicely 
from the Objedl-Lens, and you have the Data 
required. An Example will render this Mat- 
ter eafy. 

13. Let AB be the Objedl-Lens, EY the 
ocular Lens, E C the Radius of the Lens A B 9 
and CF the focal Diftance of the Objedl OB, 
whofe Diftance QjC, from the Glafs AB, is 
to be meafured. (See Fig. 1. Plate XXVII.) 
Now fuppofe CF = 48 Inches, or 4 Feet ; 
and you find, by the Method above, that CF 
is 50 Inches ; then F F is 2 Inches, and the 
Apalogy is, As FF = 2, is to CF = 48 ; 
fo is CF= 50, to CQj== 1200 Inches, or 
100 Feet 1 and fo far is the Objedl OB, from 
the Lens AB. Again, fuppofe you find 
CF = 49 Inches, then will FF= 1 Inch; 
and the Analogy is 1 : 48 : : 49 : 2352 = QC, 
or 196 Feet. . If CF be found 48 % Inches; 
then i : 48 : : 48 4 : 9264 = QC, or yjz 

CL3 «*•" 



246 Of Optical Inftruments. 

Feet. So that this Telefcope will 
only fmall Diftances. 

14. But fuppofe AB a Lens, whole Ra- 
dius, or folar Focus CF = 12 Feet, or 144 
Inches; and you find by the above Method, 
(in Art. 12.) that CF is 146 Inches; then will 
FF =: 2 Inches; and. then by the Analogy, 
As 2 : 144. : : 146 : 21024 Feet = QjC, or 
1752 Feet, the Diftance of the Objedt If 
with this large Telefcope you look at an Ob- 
jedt OB, juft 100 Feet diftant from the Lens 
AB t it will give CF = 163 ~ Inches, and 
therefore FF will be 19 i Inches. On the 
contrary, fuppofe in viewing an Objc& O B, 
you find FF but ~ of an Inch, this will give 
the Diftance of the Obje& CQj= 17292 
Feet, or j f Miles nearly. 

1 5. Since then ihe Difference F F, between 
the. Radius and focal Diftance of the Objedt, 
is fo confiderable as 2 Inches in a Tube of 
4 Feet, and 18 in one of 12 Feet; it is cafy 
to contrive Methods for {hewing the Diftance 
of nigh Objeds by the former, and of very 
diftant opes by the latter, by Infpe&ion only. 
For it 16 but well adjufting or drawing a fpiral 
Line round the Drawer, or Tube, thro' the 
Pmo Inch Space in the fmall Telefcope, and 
by Calculation graduate it for every 100 Feet, 
and the intermediate Inches, and you will no 
fooner view an Object, but at the lame Time 
fee it's Diftance upon the Tube. 

• » 

16. But 
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16. But in regard of the larger Objedt- 
LcnSj it might be a better Way to fix it in a 
Scioptric Ball, in a darkened Chamber ; and 
at the focal Diftance of 12 Feet, on a Table 
or Stand M N, fix up an Instrument confift- 
ing of two Planes A B C D, EHKL, and a 
Screw OF, which is fixed into the Plane 
AC, and moves the Plane EK over the Space 
P G, which here reprefents the Difference be- 
tween the Radius and focal Diftance of the 
Obje<9:, viz. 18 Inches. If now on the 
Plane AC, be defcribed Concentric Circles, or 
(which would be better) a Spiral from the 
Center to the Circumference, and graduated 
by a Calculation made for every 100 Feet, 
beginning from the Center O, for the Mea- 
fures next to G, and proceeding towards the 
Circumference for the Parts towards F, which, 
becaafe they will run very near together, will 
have the larger Space to be defined in. 

17. Thefe Things being done, it will be 
eafy by the Screw to move the Plane E K 
backwards and forwards, on the Space GF, 
till the Image F appears moft plain and di- 
ftindt, and then the Index OP. (fixed to the 
Screw) will (hew the Diftance of the Objedfc 
on the graduated Spiral The larger the Plane 
AC is, the more exactly will the Diftance of 
remote Obje&s be (hewn thereon 5 if it be a 
Footfquare, it may do pretty well, but not 
le& Note, the beft Way to get the true Place 
of the Plane EK, will be that in Art. 12. 

0^4 Having 
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Having juft hinted thefe things, I (hall leave 
it to the Invention of the Artift to vary Cir- 
cumftances. ♦ 

18. In the Bufinefs of Ajlronomy, fcarce 
any thing is done but by the Aid of the Tele- 
fcope ; for which Purpofes it is applied in va- 
rious Shapes, and compounded with fuch a 
Number of Inftruments, that to give an Ac- 
count of them all, would fill a Volume ; I 
(hall therefore content myfelf with giving of 
one Inftrument, which is of a general Na- 
ture, and by which the Conftru&ion of others 
will be eafily underftood. See Fig. 3. 

19. This Inftrument confifts of a Telefcope 
A B, whofe Objeft-Glafs is B, and Eye-Glafs 
A, in whofe Focus is a Ring of Crofs-Hairs 
C -, this Tube is fixed to the Side of a Qua- 
drant E F G, fo that the Axis of the Tube, 
and Side of the Quadrant E F, are exadtly as 
poflible at Right Angles, or perpendicular to 
each other. The Quadrant is fufpended by, 
and movable about a Center-Pin D, palling 
thro' it's Center, and fixed into the iquare Pi- 
lafter D H, which fupports it very fteadily. 
Oa this Pilafter at O, is fixed a imali Plate 
N O, called a Nonius, from the Name of the 
Inventor 5 whofe Ufe I (hall next fliew. 

20. Fig. 4. Let A B be a Portion of the 
graduated Limb of the Quadrant, and E D 
the Nonius Plate by it ; whofe Index is D C* 
The Artifice of this Contrivance confifts in 
this; the whole Length of the Nonius is 

divided 
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divided into 1 2 equal Parts, which are made 
equal to 13 of the equal Divifions on the 
Limb of the Quadrant A B ; and therefore as 
12 : 13 : : 1 : 1 ~ 5 that is, one of the equal 
Parts of the Nonius exceeds one of equal Parts 
{viz. a Degree) on the Limb, by a 12th Part 
of the latter, that is, by 5 Minutes. 

21. Suppofe now you have taken a Sight 
of an Object, and then obferve the Index D C 
of the Nonius, at fome Point between the 
17th and 18th Degree, as in the Figure; the 
Nonius will tell you the Minutes above 17 De- 
grees thus : Look to fee where any Divifion 
of the Nonius ftands exadtly againft a Divi- 
fion on the Limb, and you will perceive in 
the prefent Cafe, that it is at the 6th Divifion 
of the Nonius ; then, fince 1 Divifion gives 
5 Minutes, (Art 20.) 6 Divifions will give 
30 Minutes, which {hews that the Index 
points to iy° 1 30" on the Limb. And hence 
you fee the Reafon alio, why they are num- 
bered from the Right-Hand to the Left in 
the Nonius. 

22. If the Quadrant were fufficicntly large, 
not only the Minutes of a Degree, out the 
Seconds of a Minute might be {hewn by this 
excellent Contrivance; as in that called the 
Mural Arcb % in the Royal Obfervatory at 
Greenwich^ which is * an Iron Quadrant with 
a Brafs Limb, moft exactly graduated, and 
fixed into the Side of, a Free-Stone- Wall, 
which is in the Plane of the Meridian ; the 

Lecgth 
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Length of the Radios is 8 Feet. On the 
Center, and by the Limb of this Quadrant, 
moves a large Tdefcope, which carries a No- 
nius upon the Edge of the Limb; which 
fhews the Angles in Degrees, Minutes, and 
Seconds. 

23. By the . Telefcope applied in fuch a 
Manner, divers Aftronomical Problems and 
Pofitions are determined and defined to a 
great Degree of Nicety and Exa&nefs. Thus 
fuppofe you would know the Altitude of a 
Star, at any Inftance, direct the Telefcope to 
it, and bring the Star on the Interfe&ion of 
the Crofs-Hairs, and the Nonius will fliew the 
Degrees and Minutes of it's Altitude : Thus 
the Altitude of the Sun is to be found for 
many Purpofes, as of Dialing, &c. And thus 
the Altitude of the North Star, and confe- 
quently the Latitude of the Place frill be very 
truly known. 

24. Again, the Axis of the Telefcope be- 
ing in the Plane of the Meridian, and the 
vertical Hair ; you may obferve the Difference 
of Time, in which any of the heavenly Bo- 
dies pafs over the Hair or Meridian, and 
turning into Degrees you will thereby have 
the Difference of the Right Afcenfkn of thofe 
Bodies. Note, 15 Degrees of the Equator, 
anfwers to one Hour of Time, and 1 5 Mi- 
putes of a Degree to 1 Minute of Time ; and 
therefore 1 Degree to every 4 Minutes of 
Time. 

* 25. But 
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25. By this Means alfo, the Quantity of a 
Skterial Day is to be determined ; for fixing 
the Telefcope precifely in the Plane of the 
Meridian, dircA it to any fixed Star, fo that it 
may come upon the Interfe&ion of the Crofs- 
Hairs, and thus let it remain till ths nex{ 
Night, and then again obferve when the Star 
comes , to the vertical Hair $ the Time be- 
tween thefe two Moments is the Length of 
the Siderial Day ; and is eafy to be meaiured 
by a good Pendulum Clock. 

26. When the vertical Hair in the Tfele- 
fcope is nicely in the Plane of the Meridian, 
it is eafy then to find the apparent Time, and 
from thence the true 'Time. For by a good 
Pendulum Clock obferve the Moments of 
Time, when the vertical Hair touches the two 
extreme Edges of the Sun's Difk. The middle 

foment between thefe, is the apparent, Time 
Noon, and if the Hand be then at XII, the 

lock is true for the apparent Time ; if not, 
fit's Diftance from it, on this Side or that, (hew 
Jiow much the Clock is too flow or too faft; 
and having the apparent Time, the true Time is 
found by a common Equation Tabic 

zj. There arc great Numbers of other Ufe* 
to be made of a Telefcope thus mounted, fur- 
ttifhed, and adjufted to a larger Quadrant, 
efpeciaily when a Micrometer is fitted in it, 
which the Reader may fee in Trcatifes of 
Aftronomy, &c. but cannot expert in this 
Compendium* 
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CHAP. XIV. 

Of the Colours of the Suns Light ; 
of* the different Refrangibility and 
Refiexibility thereof \ and the Imr 
perfeElion of Dioptric Telefcopes a- 
riftngfrom thence. 

I. T N the Theory we confidered a Pencil 
X of the Sun's Rays refle&ed from Mir- 
rours, or refraded thro* Lenfes to one Jingle 
Point in the Axis thereof; but that, ftridly 
fpeaking, is not the Cafe in Nature ; though 
nothing to the contrary was underftood or 1 
taught in Optics, till Sir Ifaac Newton $ Time. ! 
That great Man was the firft, whcr difcovered 
that a Beam of the Sun's Light, when re- 
ceded or refraded fo as to be made converg- 
ing, did yet not converge or tend ail of them 
to one fole Point or Part of the Axis ; but 
were fb fevered, and differently inclined by 
the Medium, that fome Rays tended towards 
one Point, and fome towards another. 

2. He not only difcovered, that the Sun's \ 
Light was differently refrangible and rejUxible, \ 
but alfo at the fame Time, that it was within \ 
certain Limitations, and in a certain Order 

and 
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and Proportion 5 and that Rays of each feve-? 
ral Degree of Refrangibility, were of a diffe- 
rent Colour from each other when feparated j 
and accordingly that Bodies were tinged with 
Colours thereby. , 

3. So much of this new Do&rine, as is 
Seceflary to be known in Optics, or the Con- 
ftfudtion of Inftruifients, I (hall here relate 
from his excellent Book on that Subjeft ; and 
give the Experiments by which he made thefe 
Difcoveries. The firfl: whereof is as follows* 
Let ABC reprefent the tranfverfe Seftion of 
a Prifin, GF a Beam or Cylinder of the 
Sun's Light coming thro* the Hole H, in the 
Window-Shut of a darkened Chamber, and 
falling on the faid Prifm. (Fig. i. Plate 
XXVIII.) 

4. Now this Beam G F, will be refra&ed 
out of it's natural Courfe E T, in paffing thro* 
the Prifm, into fome other D Q^ nor will it. 
now appear in a round cylindric Form D QS E f 
as it would were it in every Part equally re- 
frangible ; but in a broad, dilated, diverging 
Form DXYE, The Beam thus new mo- 
dified, being received on a Sheet of Paper 
L M, at a proper Diftance, will not now, as 
before, be white, but will paint a various co- 
loured SpeSlrum or Image X Y, of an oblong 
Form. If the refra&ing Angle of the Prifm : 
ACB, be 64 Degrees, and the Diftance of 
the Paper from the Prifm about 18 Feet, 

the 
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the Length of the Image X Y will be about 
to Inches, and the Breadth 2 Inches. 

5. Now it i6 evident, that fince fome Part 
of die Beam D X, is refracted much farther* 
out of it's natural Courfe ET, than fome 
other Part of the Beam, as E Y, the Rays to* 
wards DX have a much greater Difpofition 
to be refra&ed, than thole towards E Y ; and 
that this Difpofition does arife from the natu- 
rally different Qualities of thofe Ray6 is ma- 
nifeft, fince the refracting Angle, or Power of 
the Prifm, is the fame in Regard of the fupe- 
rior Part of the Beam, as the inferior. Thus 
the Inequality of Refra&ions, or the different 
Refrangibility of the Rays of Light, in equal 
Incidences, is plainly proved by this Expe- 
riment 

6. The Rays of Light are varioufly colour- 
ed, as they differ in Refrangibility ; thus the. 
dioft refrangible Rays D V, are Violet ; the 
kaft refrangible ER, are Red\ the Order of 
Colours, thro' the whole Image, being as fol- 
lows, Violet, Indigo, Blue, Green, Tellow, O- 
range, Red, as represented in the Figure. This 
is the Reafoji why Rays, falling near the 
Edges of a Lens, are differently refracted, and 
confequently paint or tinge the Objedt with 
Colours ; which makes it neccflary to exclude 
fuch Rays as much as poffible. 

j. For that a Lens, as A B, Fig. a, has 
the fame Property as the Prifin a cb, in re- 
frafting Rays, is evident from this Experi- 
ment, ] 
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ment, viz. Let O be an Object of a Vkkt 
Colour, the Ray DA proceeding thence to 
the Lens, and falling on the Surface A*B, 
at A, will be refra&ed from the perpendicular 
C D, to the Point E \ but were the Objed O 
red, it's Focus would be found at F, much 
farther from the Lens than £ ; and therefore 
the red Ray A F, will not be fo much refrac- 
ted from the perpendicular by the Lens, as 
the Violet coloured Ray A E. 

8. But the beft Experiment of this Sort, is 
to take a Slip of Paftboard, Card, &c. as 
ABEF, (Fig. 3.) and paint one half ABCD 
Red* the other half C F Violet or Indigo, 
and tying black Threads a-crofs it, fet it near 
the Flame, of the Candle G ; then take a Lena 
H I, and holding a Sheet of white Paper be- 
hind it, move it backwards and forward upon 
the Edge of a graduated Ruler, till you fee 
the black Threads mod diftin&ly in the 
Image 3 and you will find the Focus of the 
Violet Part/f, much nearer than that of the 
Red ac-y which plainly ihews, that Bodies of 
different Colours can never be (hewn without 
fome Degree of Confufion, by Refradioa 
thro' Lenfcs. 

9. The iame Author alfo found that the 
Rays of the Sun's Light were differently re- 
flexible^ or that fome Rays of a Beam of 
Light were reflected farther from the perpen- 
dicular to the reflecting Surface than others ; 
and attb that thofe Rays, which are molt 

refrangible, 
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refrangible, are alio mod reflexible. All which 
he confirmed by the following Experiment. 

10. In Plate XXIX. Fig. i. F M is a 
Beam of Light propagated into the dark 
Chamber, through the Hole F, of the Win- 
dow-Shut EG. ABC and BCD are two 
Prifms tied together in the Form of a Paral- 
lelopepid, their Sides B C and C B being con- 
tiguous, and A C and B D parallel. H I K 
is a third Prifm by which the faid Beam is 
refradted at O, to the white Paper at V G ; 
for fince the two Prifms A C B and BCD, 
are placed in fuch a Manner, it is eafy to con- 
ceive, that the Effe&s of the firft Prifm arc 
reverfed or deftroyed by the fecond, and fo 
the Beam will pafs through both to the third 
Prifm, without any Alteration in the Nature 
of it's Light. 

11. The Beam therefore is refra&ed at O, 
into the different coloured Rays OV, 01, 
O B, O G, &c. Now upon turning the Pa- 
rallelopepid A C D B about it's Axis, in the 
Order of the Letters A, C, D, B, when the . 
contiguous Planes B C and C B become fuffi- 
ciently oblique to the incident Beam F M, the 
faid Beam will begin tti be refle&ed at the 
Point M ; and there will vonifli totally out of 
the refra&ed Light V G, firft of all the moft 
refradted Rays O V, or Violet, (the other re- 
maining as before) then the Rays I O, BO, 
GO, &c. fucceffively to the leaft refracted 5 
or red. Hence it is very manifefiy that the- 
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Plane BC, did firft of all reflect the moil re- 
frangible Rays, and the reft in Order to the 
leaft refrangible ones/ which were reflected 
laft. 

1 2. This he farther illuftrated by adding a 
fourth Prifra XYZ, to receive the reflected 
Beam M N, and to refradt it upon the Paper 
at vg- For then the Light N O, which in 
the fourth Prlfin is more refra&ed, will be- 
come fuller and ftronger when the Light O V 
vanifhes at V ; and fo as all the reft vanishes 
at I, B, G, &c. the coloured Light at i, b> 
g y &c. becomes increaied fucceffively, that 
is, the Colours at *, b, g, are increaied, while 
thofe at v, /, 6, receive no farther Increafe. 
And as the traje&ed Beam M O, is always of 
fuch a Colour, as ought to refult from the 
Mixture of Colours at V G ; fo the reflected 
Beam is always of that Colour as refults from 
the Colours at vg. 

13. Thofe Rays which have a peculiar De- 
gree of Refrangibility, and are tinged with a 
proper, fimple Colour, are called Homogeneal 
Light y and all others Heterogeneal Light. Let 
AC be a Ray of heterogeneal Light, falling 

1 upon a Medium of « Glafs O P Q> in the 
Point C. This Ray will be feparatedT by the 

^Medium into all it's homogeneal Rays, of 
[which C D is that of the greateft Refraction, 

•(and CE of the leafh (See Fig. 2.) The Sines 
iof thefe Refradtions are GD and EF, and, 

k«f tne incident Ray A B. Sir Ifaac Newton 

t ' * R has 
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lias (hewn that A8 is to GD, as 50 to 78, 
and to FE, as 50 to jj* (See his Optict % 
page 73.) Make GI and F H equal to ABj 
then will I D and H £ exprefs very nearly 
the grtateft and leaft Degree of Refrdngibili- 
ty f aftd are to each other, as 28 to £7. So 
that ID exceeds HE by a ~ of ID* and 
therefore we may take this Difference of the 
grtateft and leaft Refra&ioti to be a 27 i Part 
of the mean Refra&ion* 

14. Let AB be a Plano-convex Lens, 
(Fig. 3.) QJt's Center of Cottvexity; QO 
it's Axis produced ; D A art heterogftneal Ray 
parallel to the Axis* which by the Lena at tfat 
Point A, is refracted into all it's homogencrf 
Rays* of which A L is that of the leaft Re» 
fra^tioci! AK that of the greateft, and AO 
that of a mean Refin&ioa, Soppofe t» like 
manner another Ray E B, refracted into BN, 
BM, and BO. Thefe Ray* intcrfed the 
Axis in the Points F, G, G, And thofe of 
greateft and leaft Refraction interieS each 
other in H and I. And therefore H I is the 
Diameter of the Circle, in which the Rays of 
every Degree of Refradioft will be found. 

1$. Draw DAP parcel to the Axis QG> 
and HP perpendicular thereto. Then will 
PH, PO, P I, be, the Sines of the *qft 
wan, and greateji RtfraSims* or of the An- 
glesHAP, GAP, and !AP, or of the Ai> 
gies equal to them, AGC, AOC, AFC 
But the Siacs of the Angles A&C aad AOC 
^ are 
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areas the 8 ides A O and AG, or as CO and 
CG nearly (by Princip. II). Thus the Sines 
©f the Angles AOC and AFC, are as CF 
*nd CO 5 confequently PH, PQ, and Pf, 
are as CF, CO, and CO, which therefore 
may reprefbnt the leaft, mean, and greateft 
Reflations, 

16. Now fince F G is a 28th Part of CO, 
(by Art. 13.) OG will be a 56th Part of CG: 
But fince the Triangles HOG and AC G are 
inpikr, OG : CG : : OH : AC : : HI : AB 
: : : 1 : 56 ; that is, the Diameter of the Circle 
H I, into which all the Rays which come pa- 
rallel from any Point of an Objedt, are col- 
lected by a Planoconvex Objeft-Lcns, is the 
56th Part of the Diameter of the Aperture of 
the &id Objeft-Lens. 

17. What this Diameter H I is, in the Fo- 
cus of refle&ed Rays, may be thus fliewfi. 
Let A B be a Concave Speeuhim, whofe Cen- 
ter is Q^ D A a Ray parallel to the Axis QY, 
and reflected moil: of all towards F, fuppofe O 
the Focus of Rays of a mean Reflection, and 
draw OI perpendicular to thp Axis, which 
will be the Semidiameter of the circular Space 
into which Rays of every Sort will be reflec- 
ted from the Point A. 

1 8. Since F will always fall between O and 
C, the Point A may be taken at ftich a Di- 
Aance from the Vertex C, that F A may be 
eqaal to F Q^ Ir* which Cafe, on F deforce 
thp Semicircle Q^A Y, cutting the Axis in Y j 

R 2 then 
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then (hall OF be equal to 1 C Y. For OF = 
QF-— QO, andfo20F = 2QF— -2QO 
= QY — OC = C Y 1 and therefore O F 
= iCY. But C Y is the Excefs of the Se- 
cant QY, above the Radius QA. Confe- 
quently when the Angle A QC is given, C Y 
is known, and therefore it is half O F ; and 
then fince OF : FC : : OI : AC, the Ratio 
of I O to AC, the Semi-aperture of the Glafs 
will be known. 

1 9. For Example. Suppofe the focal Length 
O C of the Speculum A B be 1 2 Inches, and 
the Angle AQC = 2° 3''$ whence the Arch 
A C will be very near ^ an Inph. Then if 
the Radius QA or QC 2= 1 00000, the Se- 
cant QY will be 100005; therefore C Y = 



i 



the half whereof - . - ;* '^ = F O. Since 
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then FO is the ^£hr. Part of QC, it will 
be the T^hx Part of O C; and therefore I O 
will be the fame Part of AC, which is near 
20 times lefs than a ~ Part, as in the Con- 
vex Lens, 

20. If each individual Point of an Objed 
were to affe& but fingle or individual Points 
on the Retina^ the Picture there made would 
be abfolutely perfe£i> and the Idea conveyed 
to the Mind, or Vifibn, would alfo be pcrfeft- 
ly difiinSl ; but fince it has been {hewn, that 
Rays coming from any fingle Point in an Ob- 
je&, and collected by a Lens, Mirrour, or 
the Eye, do not reprefent that Point in a 
Point, but circular Space of the Picture ; and 

fince 
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fince every Point of the Picture may be the 
Center of fuch a circular Space, and this cir- 
cular Space will admit of a Mixture of as 
many others, as there are Points within the 
Diftance of a Semidiameter 5 and, laftly, fince 
the very central Point of this Space will he 
affeCted or covered with all thofe Circles, 
whofe Centers fall within it's own Circumfe- 
rence : I fay, from all thefe Con fiderat ions it 
is very manifeft, the Picture muft be extreme- 
ly cenfufed and indiftinCt, and confequently 
the Vifion will be fo too ; and that in Propor- 
tion to the Area of the Circle, Confufion is 
painted in the Picture on the Retina of the 
Eye. 

21. Now fince the Areas of thefe Circles, 
formed by reflected Rays, are incomparably 
lefs than thofe formed by refraCted Rays, it is 
evident, the Vifion by reflecting Inftruments 
muft far exceed that by refracting ones, and 
confequently that reflecting Telefcopes are 
vaftly preferable to refradting ones in their 
EfFeCts, as well as Convcnicncy of Form $ to 
the Theory of which I now proceed. 
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CHAE XV. 

<y /& Cata-dioptric or RtfieBing Te- 
fefcope % iit Theory j QmflruEiion^ 
and life. 



j.npttE imperfe<5t Vificta, by Dioptric 
X Tetefcopes, of a great magnifying 
Power, unlets very long* which tfeen wcw 
very cumberfome and unmanageable, gave the 
Opticians Occafion to meditate and contrive 
fome Method of fhortening, and making this 
feictllefu Instrument of a more commodious 
Form, and of more general Ufe. J 

St. This, from the Nature of the Stience* ] 
they were foofe convinced, was to be effected 
by Refle&hn-, and therefore feverai Period** 
in feveral Parts, began to contrive and make 
RefleSiing Tdeftqpttt toknt one Way and fome 
another. The firft Hint and Figure of any 
thing in this Kind was by Dr James Gregory, 
a Scotchman^ in his Book called Optica pro- 
mota, pag. 93, 94. 

3. The Form and Manner of the Grego- 
fiai Teldfcope was as follows. In Fig. 2. 
let A B E F be a Tube open at the End AF, 
towards the Obje<a -, at the other End he 

plaqed 
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f placed, a parabolic Concave Speculum B*E, 
witfr an Hole C D perforated in it's Vertex ; 
a little beyond the Focus e of this, he placed 
another finall Concave G, (on the Foot GH) 
of an Elliptic Form s at the End of the great 
Tube BE, he fere wed in a fmall Tube 
C D K I, containing an ocular Lens of a co- 
noid Form on one Side, and plain on the 
other, 

4. Now fuppofe a, &, two parallel Rays, 
falling on the Speculum B E, in c y d, from 
thence they arc reflefted to, and collected in t 
it's Focus e 9 where the Image is formed and 
inverted ; this Point e is alfo one Focus of the 
Elliptic Speculum G, and therefore the Rays 
coming tnence, and falling on G, are by it 
reflected to the. other Focus thereof, in thfc 
little Tube at/I Here again the Image is re- 
formed, vpry large, ana efeft, which being 
alfo in the Focus of the Piano-conoid Lens 
IK, is feen by parallel Rays very dear and 
diftina. 

5. Such was the Form and Theory of the 
original Gregorian Tube, but the Doiftor, be- 
ing deficient in Mechanics, never brought it 
to Perfection, but propofed it for others to 
execute. He had alfo fphcrical Speculums of 
Metal, but could not ufe them for want of a 
good Polifh. And thus nothing was done 
in the Telefcope of this new Invention, till 
about the Year 1666, when Sir Ifaac Newton 
thought proper to alter a lktle the Conftf uc- 

R 4 tio& 
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tion of the Gregorian Tube, and inftead of 
placing the Eye-Glafs at the End, he put it 
into the Side of the Tube, as in Fig. 3. 

6. Where ABEF is the Tube, BE the 
Obje& fpericai Concave, which refledt the pa- 
rallel Rays <?, b y to a fmall plain Speculum G, 
placed a little within the Focus of B E, and 
fo as to throw the converging Rays diredily to 
the Side of the Tube, upon a fmall Eye- 
Glafs I, placed in a Hole therein ; and the 
Situation of the Speculum G was fuch, that 
the Focus of Parallel Rays from B E, was 
made to fall exadtly on the Focus of the Eye- 
Glafs in e ; and confequently the Eye muft 
then have diftindt Vifion by Parallel Rays. 
This was the Stru&ure of the Newtonian 
Tube. 

7. A few Years after one Monfieur Caffe~ 
grain published a Defcription of a Reflecting 
Telefcope, as his own Invention 5 but fince it 
was entirely of the Form of that in Fig. 4» 
where the only Difference between it and the 
Gregorian Telefcope is, that the fmall Specu- 
lum G is in this a Convex, and in Dr Gre- 
gorys a Concave. And therefore this of Mon^ 
fieur Cajjegrairis feems to be only that of 
Dr Gregory's difguifed* 

8. About this Time alfo Dr Hook contrived 
a Telefcope of this Kind ; the Form thereof 
was that of Fig. 5, wherein you fee it differs 
nothing from > the Gregorian Telefcope, but 
the placing of the Eye-Glafs I, in die Hole 

of 
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of the great Concave BE. But whether 
Dr Hook infifted on this as his own Invention 
I cannot fay, though he feems to do fo in a 
Letter he wrote about it to fome Lord, 

9. To thefe feveral Forms, I (hall add one 
that I contrived for my own Ufe, which is 
fomewhat of the Newtonian Strudure, but of 
a perpendicular Pofition, as reprefented in 
Fig. 6, ABE F is the Tube, in which there 
is an Opening or Aperture O P, in the upper 
Part ; agaihft this Hole, within the Tube, is 
placed a large plane Speculum G H, at half a 
Right Angle, with the Axis or Sides of the 
Tubes, with an Hole CD perforated thro" 
the middle thereof; The Parallel Rays a b, 
falling on the inclined Plane G H, are refleded 
perpendicularly and parallel on the great Con- 
cave B E, in the Bottom of the Tube ; from 
thence they are refleded converging to a Fo- 
cus *, through the Hole of the Plane CD, 
which being alfo the Focus of the Eyc-Glafs 
IK, the Eye will perceive the Objed very 
much magnified and diftind. 

1 o. Now though the Forms and Strudure 
of thefe feveral Tubes are different, yet their 
EfFeds all flow from one Principle, viz. The 
juperior Perfection of reflex Vijion. For they 
all perform their Effeds either by one Reflec- 
tion, as Fig. 3 and 6j or elfe by two, as 
Fig. 2, 4, and 5. And an Image formed by 
refleded Rays is fo very perfed and diftind, 
that it will bear viewing with an Eye-Glafe 
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of a much (hotter focal Diftance, than when it 
is painted by refradted Rays ; for in that Cafe, 
if it be magnified too much, the Confufion 
of the Pifture will be rendered fenfible, and 
the diftindt Vifion of the Objcdt entirely im- 
peded. 

ii. Khali firft confidcr the Effe&s of the 
Gregorian Telefcope by two Reflections. In 
Plate XXXI. Fig. i. ABEF is the Tube 
containing the great Concave BE, and little 
one G ; let a, b y be two Parallel Rays coming 
from a vaftly diftant Objed O B, and felling 
on the Concave in the Points c 9 d\ from 
hence they will be reflected to the Focus e, 
where they form an Image I M inverted. Let 
f be the Focus of the fmali Concave G, and 
fince the Image I M is a little farther diftant 
from the Concave G than it's Center, the 
Rays come from it with fuch a Degree of Di- 
vergency, as to be refle&cd by the little Con- 
cave to another Focus k, and there crofting 
again form another Image IM, whkh will be 
now in an eredl Pofition ; and being fuppofed 
4n the Focus alio of the Eye T Glafs K L, the 
Eye will fee a Part of it very diftinft, and 
greatly magnified. This has been in every 
Part fo particularly demonstrated, in the 
Theory and Pradtice of Catoptrics, that I need 
not here again repeat it. 

12. Now as to the Power of magnifying, 
let j&Qjmd iT'Qbe two Rays coming from 
the Extremities of a diftant Object, and meet- 
ing 
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leg in the Cent** Q^of the Speculum BE; 
thefe Rays will terminate the Image I M, be* 
caufc the Objeft and it's Image are both fcen 
under the feme Angle g Q6, to an Eye at the 
Center or Vertex: of a Speculuto, by Art. 5* 
Chap; I V, of Catoptrics. Now this Jim Image 
IM may be coofkkred as an ObjeCt, with 
Re^ed: to the fiaall Speculum G, whofe 
Image Jilf is formed in the Focus £, and 
terminated by the Rays /G and Af G t drawn 
through the Extremities of the Objedt I M. 
This Secondary Image I M $ n that which is 
viewed by the Eye-Gkfe K L, under the Aft* 
gle INAf^ ioppofing it could be ail iceu at 
once. And therefore the Objed is to the 
Image ia this Tcjefcope, as the Angle g QJ>* 
to the Angle INM. 

13. Bot thefe Atigtes are in the compound 
Ratio of Qp to *G, and of kG to £N, for 
the Angle IQjyi is to IGM, as eG to *Q; 
and IGM (= IGM) is JNM, as kN to 



k G ; and therefore ^-—n * 



I6M JNM 
IQJ1 IGM 



C 



J/NM\ Q* *G _ . . . , 
' } s=s -^r k rr . That is, the Angle 

/ IOJV1/ 'G kN B 

r NM is to the AnglalQM or gQb, » 
X*,* kG is to *G x £N. All which is 
emonftratcd in Chap. II, of -this F-art. 

— 14. Hence as Q^ the focal Diftance of tht 
- bjed Speculum BEy fe wcoeafoo\ or *N, 

K • * the 
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the focal Diftancc of the Eye-Glafe is dimi- 
nished, the magnifying Power of theT'ele- 
fcope will be increafecL And it is evident, 
that the fame things are at the lame Time 
ihewa for Caffegrairis Telefcope, Fig. a. 
where the fmall Speculum G is a Convex, 
and the Image I M only virtual, or behind 
it, and the Image IM inverted, other things 
being the lame. 

15. If the focal Diftance Q*, of the Ob- 
je£t-Speculiim BE, and G/ or the fmall one 
,C be given, and you have determined the 
Point k, where the fecond Image is to be 
formed, the Diftance G e, of the firft Image 
from the Speculum G, may then be found, 
pnd a Theorem raifed for calculating the mag- 
nifying Power of the Inftrument. For having 
the focal Diftance Q^, and the Diftance Q£, 
there is known ke ; then put ke = X > 
G* = 4 and G/= \r\ and we fhall have 

dr 

X-j-^=G^= — - — 5 by Theor. 14. 

2«— • r 

Chap. Ill, of Catoptrics. 



16. Then -* - 
Therefore — — - 

* 

Add dr t - • 

And by TranQ>oC 



X-j-</ 



zd — r 
zdX-\-2dd—Xr 
—dr = dr. 
zdX-j-zdd—Xr 
= 2 dr. 

2dX-\-zdd — zdr 
s=Xr. 

Divide 
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Divide by 2 — 

Put 

Then — — 

Compare the Squ. 

Extract the Root 

Therefore — — 
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6 
7 
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vdr 



UX + dd 

l = iXr. 

X— r = 2Z. 

dd -f zZd = *Xr. 

f </</-]- 2Z</-4-ZZ 
1 = * X r-fZZ . 
9 'i+Z=V?Xr 



10 



{ 



</= VtXr 



zz. 



Z, Theorem. 

17. Having thus found d = Diftance of 
the firft Image from the fmall Mirrour G; 
the magnifying Power of the Tube may eafily 
be computed as follows. Let the focal Di- 
ftance of the great Mirrour B £ be 6 Inches, 
that of the lefier i Inch ; and let it be propo- 
fed to have the fecond Image, or Point k y at 
I Inch, before the Mirrour BE; then will 
X=£* = 5, r = 2, andX — r — 2Z = $, 
and fo Z — 1.5. Whence by the Theorem, 
(Art 16.) we (hall find </ = 1.192. See the 
Operation. 

*Xr= 5 

}.2S 
± 

46 ) 3 2 5 
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a. 



2.692 =V*Xr -j-ZZ. 



Z. 



1. 192 



Ge. 



529 ).490o 
«• 47 6r 
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28. Having 



% jo Of Optical InftrumentL 

18. Having Gez=z 1.192, and Q^ *» 6^ 

Q^ 6 
we have — «x -> which is the firft Part 

G* 1,19a 

of the magnifying Power. Then if the fo- 
cal Diftance N k of the Eyc-GIafs be 1 J of 

aa Inch, we have r— =5= — — , And there- 
9 N* 1.25 

Ox G* ^ 6.192 37.152 

tore '* " ■ ' x ■■»■ ^2 ■»'■»■■» » x » <!■■ ■ 32 "v^h^hmm 

Gt Ni 1.192 1.25 1.49 
xss 25 rcry nearly. Therefore a? Eyc-Glafc 
KL, whofe focal Diftamcc it Ni« 1 £ of 
an Inch, will magnify 25 times,, and if Ni 
be but i Inch, it will magnify the Diameters 
of Objects above 50 times. 

19. There is one Cafe when the Power of 
jfiagnify ing will be, as the Square tf the focal 
X)ift*9Ce of the prat Mirrpur y ta tkt SUHaxgh^d 
under the focal Diftancet of the fmaUer Cm* 
cave, and the Eye-Lens. And that is, wfaenj 
Qi = fe ; for then the fitid Power will be a* 

Qe x Qe 

x rrr- Thus fuppofe Q* = 6 Inches. and 

G/* N* rr- ^w > 

Cf = N£ = 1 Inch, fuch a Telefcope will 

magnify 30 times -, for — — — = > 

GfxHk ix 1 

= 36. 

20. If Q*, the focal DSftance of the greater 
Compave BE, be 9 Inches, and that of the 

leffer 
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lcfier G be i i, and of the Eye-Glaft i Inch; 

then if Q£ = />, we (hall have = 6t> 

1,5x1 ^ 

the Number of Times fuch a Telefcope will 
magnify. If the focal Length of the Eye r 
Glafs be but 1 Inch, the Power will be 

— = 81 5 for fo many times will it mag- v " 

i X £ 

jiify the Diameters of Obje&s. 
"21. If Q£= 12 Inches, G/ = 2, and 
N£ sss 1,5 $ then if Q£ = />, we have 

22 x 12 144 

* ' * » = — - = 48, the Number of Times 
4xi. 5 3 +> 

the Diameters of Obje&s will be magnified ; 
but if G/ as 1.5, and N£ as 1 Inch, then 

I2X 12 

the Fewer wiU be » ". = 06 times. If 

the Image IM be required at any other Di- 
fiance before or behind the great Concave Q^ 
the Power of magnifying may be found as in 
Art. 16 aad 17. 

Zt. If the Telefcope be larger, viz. 1 1 
Foot, or 2, 3, 4, c, 6, &c. Feet long, there 
are two Eye-Gk&s applied, as in Fig. 3* 
Where the Image IM is projected to Tome 
Pittance Qj^ behind the great Mirrour BE, 
tod by the Intcrpofition of the firft Eye~Gia& 
WI, it is contracted into R S, by Refradioa 
of the RaysWilf, X J into WN, XO, at 

the 
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the fecond Eye-Glafs Y Z, which < again re* 
frads them to the Point P, where the Eye 
views the Objeft in it's laft Image, under the 
Angle N P O. The Eflefts of a Combina- 
tion of two Eye-Glafles have been already 
explained in Chap. VII, of the Microfcope, 
where the Power of magnifying, the Ampli- 
fication and Quantity of the optic Angle 
NPO, are confidered in Companion with 
the fame in a fingle Eye-Glafs. 

23. For if the Nature and Conftrudtion of 
this Telefcope be well obferved, we fhall find 
it of* a Telefcope and Microfcope conjoined in 
cne y or compounded in one Machine. For, (r.) 
We are to confider the Objeft Mirrour B E, 
forming the Image I M of diftant Objeds, in 
it's Fpcus e, and the fmall Speculum G, pla- 
ced at it's focal Diftance from the Image, will 
givediftinft Vifion thereof by Parallel Rays 
to any Eye at Q*_ which is the Fun&ion of 
an Eye-Glafs, and magnifies the Objfedt in 
Proportion of their focal Lengths Qj? Zn & e G ; 
which is all that is performed in a common 
Telefcope. But, (2.) If the Image I M be 
now looked upon as a Microfcopic Objeft, it 
is removed a little from the Focus /of the 
fmall Speculum, fo far as to caufe a large Image 
thereof I M y to be formed near the Eye, 
which is the Effect of an Objeft-Glais in a 
Microfcope -, this Image J M is diftindtly 
viewed in the Focus of an Eye-Glafs or two, 

which 
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which is all that is performed in a common 
Microfcope. 

24. Therefore fince the Refle&iiig Tele- 
fcope is nothing but a common Telefcope and 
Microfcope combined together, and itY Ef- 
fect compounded of the Effedts of thofe twd 
Instruments ; it is evident the Nature or 
Theory of this admirable Instrument will be 
eafy to understand, when thofe of the Simple 
Telefcope and Microfcope, before explained, 
are well confidered, and understood. 

25. I Shall conclude this Account of the 
Refle&ing Telefcope with an Obfervation or 
two, neceflary for thofe that Shall undertake 
to make them; and, firft, with Regard to 
the Hole CD, in the great Speculum BE, 
it's Diameter Should be equal to that of the 
fmaller Speculum G ; for if it be leSs, no more 
parallel Rays (which make the principal Pen- 
cil cyxd) can he reflected, than if it were 
equal to xy> and fo it can anfwerno PurpoSe; 
but may do Harm, in con trading the vifible 
Area within too narrow Limits. 

26. Again, it muSt not be bigger than the 
Mirrour G, becaufe Some parallel Rays will 
then be loft, and thofe of mo ft Confequence 
too, as being neareft the Center*, if any Part 
of the great Mirrour can be fpared, it muSt 
be on the Extremity. Now the Breadth of 
the little Mirrour xy 9 is eafy to be deter- 
mined by the focal Diftances Q^and eG, 
and Aperture of the great Mirrour cd\ for 

S Qe 
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Qe : c G : : dcxy. Suppofc QE = 6, eG 

I.2M.J. 

s= 1.2, and r tf = 1.5 ; then — = 0.3. 

of an Inch, and therefore xy may be a little 
mote than ^ of an Inch. If QV = 9, c G 

9 
= xjr. If Qe^= 12, eG = 2, and r^= 2 ; 

2 x 2 
thea sac 0.14 m xy, which may be 

then made abont i an Inch. For the Diame- 
ter of the Mirrour fhould be a little bigger 
than the Pencil of Rays, which it receives. 

27. The next thing to be regarded is the 
foiall Hole at P, in the End of the Eye- 
Piece, which moft be nicely adjufted to the 
Size of the Cylinder of Rays, emerging from 
the principal Pencil in the neateft Lens YZ^ 
For if it be bigger, it will permit the foreign 
Light of the 3ky, &c. to eater the Eye, 
which cannot be fuffered > for the Eye muft 
receive nothing but what come* from the 
Surface of the lmafl Mirrour G. If the Hole 
be fmaller than the Diameter of the Cylinder 
P r s, then fome of the neceflary Light of the 
principal Pencil will be excluded, and the Ob- 
ject rendered more obfeure. 

28. If the Eye-Glafs YZ were ak>ne^ and 
I the Focus thereof, the Diajneter of the Hole 

would 
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Would be found by this Analogy 5 As G/; 
Ir : : xy : rs r= the Diameter of the Cylin- 
der or Hole. Suppofe G / » 8, /rcsi, and 

' 1x0.3 

xjf = 0.3 ; then ■■ " "«■■■» u ns 0.04 * r j, joear-* 

o 

7y ; therefore the Hole muft not exceed £ of 
an Inch in Diameter. Again, fupppfe G / « 

l6 f Ir — 14, and ^ = 0.5 j then.- 



■toHMtaMdtal 



16 

ssz 0.044 — r *> an ^ therefore in a Telefcopc 
of this Length, the Hole at P muft not ex-* 
ccedi rh °* rr of an Inch in Diameter. And 
this will be the Size of the laid Hole, if the 
Image R S be formed in the middle between 
two Eye~Glaffes WX, and YZ. For fince 
Ir — /*, no will be equal to rs$ and it is 
G / : Im : : xy : no — rs 9 as before. 

29. It is ttfual to place a Plate TV, in the 
Focus / of the Eye-Glafs YZ, with a Hole 
jn the middle of fuch a Diameter RO, as 
will circumfcribe the Image, and limit the 
Angle of Vifion, in fuch a Manner, as to ex- 
hibit only fo much of the vifible Area, as ap- 
C:ars diftinft, and exclude the confufed, co- 
ured, and contorted Part thereof $ and all 
the collateral and faperfluous Rays, which 
enter by the Sides of the little Mirrour, oc 
are reflected from it's Margin. The Diameter 
of this Hole RS is various, according to the 
various Dimenfions of the Telefcope, **nd 

b 2 Apertures 
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CHAP. XVI. 

Of Micrometers^ and the Method of 
fitting them to Micro/copes and Te- 
lefcopes\ 

I . f ■ _1 H E Word Micrometer is Greek, and 
1 fignifies an Inftrument to meafure 
fmall Objetfsy as thofe which are the Subje&s 
of our View through the Microfcope or Tele- 
fcope ;. and therefore any Contrivance in either 
of theft, or any other Ways applied, by which 
we can meafure fuch fmall Objedts, whofe 
pimenfions cannot be taken by a common 
Rule, is called a Micrometer, Of thefe there 
are feveral Kinds, fome of which have been 
applied to the Telefpope, but none fixed in a 
Microfcope before that which I make and 
fell under the Title of the ' Pocket reflecting 
Microfcope with a Micrometer. 

2. Thofe which I make and ufe in the 
Microfcope are of two Sorts, which I fhall 
now defcribe. The firft confifteth of a cir- 
cular Piece of Glafs A B, on the middle Part 
pf which are ftrait parallel Lines cdef drawn 
with the fine Point of a Diamond, (in an 
Lnftrument made for that Purpofe) of which 

S 3 4© 
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40 are contained in an Inch, or the Inter* 
val between two Lines is precifely the 40th 
Part of *n Inch. See Fig. 1. Plate XXXII. 

3. The Intervals of thefe Lines, tho* fcarce 
difcernable to the, naked Eye, are very di- 
ftinft, and appear very large through a Lens, 
whofe focal Diftande is but an Inch, larger 
than the Tenth of an Inch to the naked Eye. 
And therefore, if it be placed in the Focus of 
the Eye-Glafs of the Microfcope, the Image 
of the Objeft will be painted upon thofe 
Lines, and the Parts thereof may be com- 
pared with the Intervals, and their true Mag- 
nitude or Dimenfions thereby very Bearly 
known. 

4. Let A B be the Focus of the Eye-Glafs 
DF, (Fig. 2.) in this Focus I either place 
another Lens for amplifying the Optic Angle, 
or elfe the Glafs Micrometer for meafttring 
fdiall Objects > let this Micrometer be repre- 
sented by the Circle G H I K, and the parallel 
Lines by L M N 0, all magnified by the Eye- 
Glafs V F. Let the Edge of a Ruler g b y 
graduated into Inches and Tenths," be laid 
under the Objedt-Glafs df, and ab, two of 
thofe Tenths which will be reprefented by 
AC, CB, in the Focus. Again, let each 
Tenth ac, and cb, be divided into four equal 
Parts, thefe Divifions will be {hewn by the 
dotted Lines between AC and CB in the 
Image, and will appear very large, 

5. Now 
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Npw you are to con fid er, that fo many 
as tnq Diftance Ce, is greater than 
CE, fo many Times A B is bigger than a b$ 
and confequcntly, fo many Intervals of 40th 
Parts in the Glafs Micrometer, will be equal 
to one fiich Interval in the Image A B. If Ge 
3 CE :-: 42 1, then four fuch Intervals in the 
Micrometer are equal to one in the Image j if 
Ce : CE : : 5 : 1, or 6 : 15 then will five or 
[ fix of thofe in the Micrometer correfpond to 
one of thofe in the Image ; and therefore by an 
Obfervation of this Kind it wiil be eafy to 
know, at any Time, what the Ratio oiCc 
to C E is, and consequently how much the 
Microfcope magnifies an Objed;. 

6. With this Micrometer it will be very eafy 
to meafure any minute Object very exadly j 
for the Image being caft open it, it will be 
-eafy to judge what Proportion the Diameter 
of the Obje$, or Part to be meafured, bears 
to that of an Interval between two Lines of 
the Micrometer, and from thence to deter- 
mine it in Parts of an Inch. Thus, if I ob- 
ferve the Width of an Oiged to be juft the 
fame with that of an Interval, I know it is J 
the 40th Part of an inch; if half the Width, 
one 80th Part ; if i of the Width, it will be 
one 1 60th Part of an Inch. 

7. Thus if an Objeft cover a 5th Part of 
an Interval, it will be but the 200th Part of 
an Inch in Diameter $ if I find it is in Length 
equal to one Interval, or a 40th Part of an 

S 4 * Inch* 
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Inch, the Superficies of that Objedt will be 
?b x is = f7^> or one 8oooth Part of a 
fquare Inch. And" thus the Lefigth, Superfi- 
cies', and Solidity of any minute Objed:, or 
Part thereof, may be known, and meafurcd 
to a fufficient Degree of Exa&nefs by this 
Glafs Micrometer, which is fo eafy to be un- 
derftood, that I need fay no more of it. 

8. The fecond Sort of Micrometer is more 
artificial, and, if well under flood, would be of 
very great Ufe where the utmoft Exadnefs is 
required. It coftfifts of a Screw and Nut ; 
(fee Fig. 3.) the Nut is fixed into the Side of 
the Microfcope at G, at the Focus of the 
Eye-Glafs D F ; on the external Part or Face 
of the Nut is a graduated Circle, reprefented 
in the Fig. N T, in the Center of which the 
Screw HO moves, the Hand H (^pointing 
to the Divifions of the Circle. 

9. The Screw H O, that I ufe in my 
Pocket Microfcope, has 50 Threads in an 
Jnch precifely; and the Circle NT is divided 
into 20 equal Parts, and numbered as in the 
Figure. Now fince one Turn or Revolution 
of the Hand moves the End of the Screw O, 
over a Space equal to the ~ of an Incb> the 
Motion of the Hand over one of the Divi- 
fions of the Circle, will caufe the Point O to 
move over the ~ of £ of an Inch, that is, 
over the ~ Part of an Inch, 

10. Now when the lower Eye-Glafs GK 
1$ taken away, the Image A B, of any Object 

ab, 



:<*? 
^ \ 



Of Optkal Infiruments. 28 r 

a b, is proje&ed into the Place of the Screw; 
or Focus of the Glafs D F, and (o the Screw 
H O will appear to lie or move upon the Sur- 
face of the Image; and as the Screw will ap- 
pear very large, fo it's Motion will' be very 
vifible over the leaft Part of the Image. Sup- 
pofe now the Image A B, be 4 times larger 
than the Objedl a b ; then, fince the whole 
Revolution of the Screw moves the Point O 
over one 50th of an Inch in the Image, it 
will be but one 4th of one coth in the Ob- 
je& ab; that is, it will mealure a 200th Part 
of an Inch in the Objedh Again, fince the 
Motion of the Hand over one Divifion in the 
graduated Circle, meafures the 1000th Part of 
an Inch in the Image, it will meafure but a 
4000th Part of an Inch in the Objedt. 

1 1. And thus if the Image A B be 5, 6, 
8, or 10 times greater thah the Object ab, one 
Revolution of the Hand will accordingly mea- 
fure the 250th, 300th, 400, or 500th Part 
of an Inch in the Objedl ; and the Motion 
oyer one Divifion of the Circle will be oyer 
one 5.000th, 6000, 8000th, or 10000th Part 
of an Inch in the Objed. And thus know- 
ing the Meafure of one Revolution, or of one 
Pivifion, the Meafure for any Number of Re- 
volutions, or Divifions in the Circle, is alfo 
known. For Inftance; 

12. Let AB be to ab, as 8 to 1 ; and 
fuppofe in meafuring the Length or Breadth 
pf an Objeft, your Index makes four Revolu- 

tions > 
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tions, and (lands at the 13 th Dxvifion of the 
Circle. Then fince in fuch a Microfcope, 
cne Revolution is the 400th Part of an Inch, 
four Revolutions will be the 100th Part of an 
Inch in an Object a b, and, again, fince one 
Divifion is the 8000th Part, J 3 Divifions will 
be —^ = 0.0016 of an Inch; but 0.01 -j-* 
0.0016 = 0.0 1 16 of an Inch; that is, the 
Length or Breadth of fuch a Part of the Ob- 
jedt was 7^ Part of an Inch. 

13. Or thus; 4 Revolutions make 80 Di- 
vifions on the Circle, which, with the odd 13, 
make 93 Divifions in all ; then ~ t= 0.0 1 1 6, 
the Decimal Part of an Inch, as before, for 
the Length of the Objeft* or Part meafured. 
In Pradtiee, the beft Way is to determine the 
Proportion of Ce to CE, or of A B to ab; 
and then to form a Table, (hewing, at Sight, 
the M eafurc in Parts of an Inch, anfwering 
to all the Revolutions and Divifions thereof, 
as you judge there will be Occafion for ; 
which is £afy to be done by thofe who have 
any Skill in fuch Matters. 

14. Note, whenever you go to meafure an 
Objed:, fet the Index precifely at 10, or the 
Beginning of the Divifions ; alfo let the Screw 
Hand out from the Plate fomewhat farther 
than you judge to be the Length to be mea- 
fured ; and, laftly, whh one Hand turn the 
inner Tube of the Microfcope, and with the 
other move the Objcdt a b, fo that the Part 
to be moafured may be brought very nicely to 

1 touch 
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touch the (harp Point O of the Micrometer ; 
then turning the Index about, you will eafily 
perceive when the faid Point is juft on the 
other Extremity of the Part, then counting 
the Revolutions and Degrees, you turn them 
into Parts of an Inch, as before taught. 

15. In Telefcopes of the refrading Sort, 
Micrometers have had a long Handing. In 
tbofe of great Lengths, a very curious Ma- 
chine of this Kind has been tifed to meafure 
fmall Angles ; for in the Telefcope, it is the 
Angles themfelves, not their Subtenfes, as in 
the Mkrrofcope, that are meafured by the Mi- 
crometer. And to know the Angle which 
any Body or Object fubtends, being of little 
Ufe, except in the heavenly Bodies ; the Mi- 
crometer in the Telefcope is only applied to 
jneafure the Angles fubtepded by the Diame^ 
ters of the Sun, Moon, and Planets, &c. 

16. But fince long Telefcopes are going out 
of Ufe, and fince the Micrometer abovemen- 
tioned is a very compound and expeafive 
thing, and it's Defcription would be very te- 
dious, I chufe to pais it by, and give an Ac- 
count of a more fimple one, which contains 
in jit the true Nature and Eflentials of a Mi- 
crometer ; confiding only of two Screws in a 
Piece of Wood, Ring of Brafs, &c. fixed to 
that Part of the Tube of the Telefcope, which 
is the common Focus of the Objedt and Eye* 
Glafc See Plate XXXIIL Fig. i. 

17. Let 
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17. Let AB and DE be the Objefl: and 
Eye Glafs of a Telefcope; and KG, HL, 
the two Screws in their common Focus. 
Now if the focal Length of the Objedt-Glafs 
CF be known, and alfo the Number of 
Threads in the Screws which are equal to an 
Inch, then will it be eafy to compute the 
Quantity of an Angle meafiired by one Revo- 
lution, or Part thereof, ^f the Screw. Thus 
iuppofe CF = 10 Feet, or 120 Inches, and 
that 40 Threads of the Screw make an Inch 
precisely ; again, let G H be the greateft O- 
pening of the Screws, and therefore GCH, 
the greateft Angle that can be meafured in 
this Telefcope. 

18. Then if GH = 1 Inch, HF will be 
\ an Inch, and therefore in the Right Angle 
Triangle FCH, there being given the Side 
CF and F H, we (hall find the Angle FCH 
by this Analogy. 

As the focal Length CF = 120 =.2.0791812 

Is to the Side FH = 0.5 = 9.6989700 

So is the Radius - - 45 : 00' = 10.0000000 

To the Tangent of the An- 1 , QO 
gle FCH= 14' 20"= j 7-6I97988 

* 

19. Now the Screw in paffing over FH 
will make 20 Turns or Revolutions, and 
fince 14' : 20" =s= 860' ; therefore fay, As 
20 R : 860" : : i R : 43" 3 that is, ah Angle 
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of 43" is meafured by one Revolution of the 
-Screw; If the Index, or Hand of this Screw, 
moves over a Grcle on the Face of the Mi- 
crometer, divided into 10 equal Parts, and 
thefe fubdivided into 10 others each 5 then 
every tenth Divifipn will meafure 4" : 18'"$ 
and every hundredth Part 25'"^. And if the 
focal Diftance C F be greater, the Angles 
meafured will be fmaller in Proportion. 

20. If it happens that no Number of 
Threads are exadtly contained in ah Inch, or 
any known Meafure, there are feveral Ways 
whereby the Angle meafured by a Revolu- 
tion % or Part thereof, may eafily be compu- 
ted. Thus fuppofe A B, CD, were tw6 
Lines drawn parallel to each other, on a Wall 
at a fufficient Diftance, and EF their Di- 
ftance ; then if the Telefcope be directed to 
the Line E F, fo that the Axis thereof K L, 
be perpendicular thereto 5 and the Diftances 
EF, KL, precifely meafured, the Angle 
EKF will be found by" Trigonometry, as 
above, and therefore it is equal to fKe. 
Then through the Telefcope view the Image 
fe y and adjuft the Ends of the Screws to the 
Extremities thereof very nicely, and count 
how many Revolutions and Parts of a Re- 
volution are made before the Screws meet. 
Then fay, As the Number of Revolutions is 
to the whole Angle fK e, fo is one Revolution 
to the Angle it meafures. Fjg. 2. 






21. Or 
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2 1. Or thus, fuppofc £ F represents a Pof* 
tioo of the Equinoctial in the Heavens, and 
let E be a Star in or near it ; then having d*» 
reded the Telefcope to the Star, and Jet the 
Ends of the 8crews at the Diftance of a cer- 
tain Number of Revolutions, bring the Star 
to touch one of them, and ohfcrre, by a gpod 
Pendulum Clock, the Interval of Time which 
the Star takes up in paffing to the other, then 
turn that Time into the Minutes, SeemJs, 
and Thirds, of an Arch, and they will be the 
Meafure of the Angle of that Aperture of die 
Screws. 

22. Or, if the Star be at any confiderabfe 
Diftanoe from the Equinodkl, the Interval 
of Time obferved in the Star's Tranfit over 
the Opening of the Screws, muft be leflcnod 
in the Ratio of the following Analogy, viz. 
As the Radius to the Situ of the Star's De- 
fiance from the Pole, fo is the Interval of 
Time obferved, to the Time required i which 
turned into Minutes and Seconds, gives the 
Angle of the Aperture of the Screws. 

23. In the feme Manner you find the Angle 
for any Aperture of the Screws in a Refle&* 
ing Telefcope ; and confequendy a Microme- 
ter may be fitted in thefe, as well as in the 
other Sort. I fiball conclude with an cafy, 
practical Method of finding the Power ' of 
magnifying in a Reflecting Telefcope, which 
is as follows. 

24. In 
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24. In a Tube of 6 Inches Length, fix at 
one Ead a Piece of Glaft, on which are 
drawn fome parallel and equi-diftant Lines, 
and at the other End a Piece of Paftboard or 
Wood, with a very fmall Hole in the middle ; 
with this view fome diftant Object, whofe ap- 
parent Diameter will juft equal the Interval of 
two of thofe parallel Lines. Then put the 
feme Piece of Oh& into the Focus of the 
Eye-Glafs of the Telefcope, and viewing the 
fame Objedt again through the Telefcope, ob- 
ferve very nicely, Kow many of thofe magni- 
fied Intervals the magnified Diameter of the 
ObjeA now equals * then may the Power of 
magnifying be eafily known* 

35. For fuppofe the focal Diftance of the 
JEye-Glafs be 1 Inch, the Intervals of the 
Litres will he magnified 6 times > again, fup- 
fofe the Diameter of the Objedt through the 
Telefcope appears equal to 8 of thole Inter- 
vals, it is evident the Teiefcope magnifies 6 
times 8, or 48 times. 
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CHAP. XVII. 

An Optical Infirument for meafuring 
the Angle of Vifion^ or efiimating 
the apparent Magnitude of Bodies ; 
alfo for viewing Perfpe&ive Prints^ 
Pt&ureSy &c. 

I. Tp H E Infirument for thcfe Purpofes h 

X that of ^g- 3- Plate XXXIII. con- 
Ming of a Tube ACBD, containing two 
Convex Lenfes A B and CD, of an equal fo- 
cal Diftance ib or hn % and placed at twice 
that Diftance from each other ; exa&ly in the 
midft between them, and therefore in the Fo- 
cus of each, is placed the Glafs Micrometer 
(before defcribed) E F ; upon which the Image 
g b, of any diftant Objcft G H is formed by 
the Objeft-Glafs C D. 

2. This Image being alfo in the Focus of 
the Eye-Glafs AB, is fcen diftinftly by the 
Eye placed in the other Focus m- y the Rays 
g I and h k being parallel, gb is equal to k I ; 
and. therefore the Angle km I = big = G/H ; 
and therefore the Image, formed in this In- 
ftrument, is feen under the fame or an equal 
Angle, as the Obje& fubtends to the naked 
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Eye ; And confequently the Object is neither 
magnified nor diminifhed thereby. 

3. Now fuppofe the Lines on the Micro- 
meter £ F, are 40 to an Inch ; (as in that I 
ufe) and the focal Diftance of the Glaffes be 
one Inch -, then the Angle which the Interval 
between two of thofe Lines on the Microme- 
ter fubtends to the Eye, is of i Q : 26' a fo two 
will fubtend an Angle of 2° : 52' j and three 
an Angle of 4 : 1 8' $ and fo on : the Angles 
and their Subtenfes being very nearly propor- 
tional, when fo fmall. Hence the optic Angle, 
or Angle of Vijkm> under which any ObjeB at 
any Diftance is feen by the Eye, is immediately 
known by this Injlrument. 

4. The apparent Magnitudes of all Objefls 
are hereby eaftly efti mated and compared ; for as 
thefe are always as the Images formed on the 
Micrometer, fo the Lines or Spaces on that 
will readily (hew the comparative Magnitude 
of them, and confequently of the Objects 
themfelves in Appearance 5 for the ObjeS 
whofe Image meafures two Lines is apparent- 
ly twice as big as one that meafures in it's 
Image but one Line, and but f as big as 
another, whofe Image meafures three Lines. 

5. By this Inftrument you alfo may meafure 
very nearly the Diftance of ObjeSis 5 thus, fup- 
pofe you obferve an Obje&j whofe ImagQ 
meafures two Lines or Interval^, and you go 
back till it meafures but one, or forward till it 
meafures four, in either Q$k> the Space or 

T L<?ng& 
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Length you went, is equal to the Diftance of 
the Objcdt from the Place where you firft ob- 
ferved it. 

6. Again, the Difances of Objefts being 
known \ their Heights are measured pretty exa8- 
ly by this Injlrument. For the Proportion is 
As the focal Diftance of the Eye-Glafe to the 
Length of the Image, fo is the Diftance of an 
Obje<a to it's Height ; that is, ig : gh : : iG : GH. 

7. This Injirument is very ufeful in drawing 
the Outshines of any Landfcape or Obje& you 
would delineate. For by means of a circular 
Piece of Glafs, with fmall Squares drawn there- 
on, and put in the Place of the Micrometer 
E F, you may reprefent the Object or Pidture 
in the fame ju ft and natural Proportion and 
Difpofition on any larger Squares, as you fee 
in the Image on the fmall ones ; fo will the 
Perfpeftive of the Piece be perfect. 

8. This fmall Machine is extremely ufeful for 
viewing perfpeSlive Prints, Views , andPi3ures 3 
&c. For as when you view Nature, it gives 
you a beautiful Projection thereof on the per- 
fped:ive Plane j fo, on the contrary, when you 
view a Print, Pidlure, or any Piece in per- 
fpe&ive, it refolves it all into Nature, and 
gives you the fame Ideas of the Pofitions and 
Diftances of Objeds in the Print, as you 
would have by viewing the things themfelves 
in Nature. It gives to Pi&ures fuch a natural 
and furprizing Relievo, as make the Life itfelf 
be there. If it be a Face, the Cheeks are 

protuberant, 



r 



«-^j^*£, 2go 



wSam 



•» 



D 



%0 3. 




\ofl 




,..i6W«RiJ^S(K and 

.Asi'SS-j? mm the 

'■3IW ""£' BJX§J»e to 

nO*f ^f<#*S§s of 
V i ~ •• rw - • •■ 



-w-n.siffl" 11 ' 
'rc9ia$oSo5^T#SiSEg : 



* 



I * 



:|s| iS||A p. 



t 2 9 2 ] 



*m<m 



CHAP. XVIII. 

Of the Magic Lantbom, and Opera 

Glafs. 

I. r W^ H E Magic Lanfborn is an optical 
JL Machine, laid to be the Invention of 
Mr ■ ■ - Kircher, in order to magnify fmall 
Obje&s in a dark Room \ and has been fince 
ufed rather to furprize and amufe ignorant 
People, and for the Sake of Lucre, than for 
any other Purpofe, and thence it had it's com*, 
tnon Name : It has been alfo called Lantema 
Megahgrapbica, from it's Property of magm- 
fyingjmauOijeBs. 

2. The Confirmation and Theory of this 
Inftrument are very-eafy to be under flood, 
find are as follows. In a darkened Room 
A BCD, is placed a dark Lanthorn E F G H, 
in the Side of which FH is fixed a round 
Tube KLNM, within which Aides another 
Tube O P, fo that the whole may be length- 
ened or fhortened as Occafion requires. In 
the inmofl End of the firft Tube is placed a 
large Plano-convex Lens KL, and towards 
the external Part of the other another double 
Convex Lens S T, In the firft Tube there is 
a Contrivance for pafling through it a fmall 
Erame or Plane of Glafs, on which arc painted 

divers 
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divers (mall Obje&s in tranfparent Colours, as at 
QR. See Plate XXXI V. Fig. 1. 

3. In this Lanthorn is a Lamp or Candle I, 
which by means of the great Convex K L be- 
fore, and a large Concave Speculum X Y be- 
hind, does very ftrongly illuminate the Obje<9: 
QJt. If now the Lens ST be moved a little 
farther from the Object QR than is it's focal 
Diftance, it will form a Reprefentation of the 
fame at a great Diftance on the oppofite Wall, 
in a large Image as V W ; which will be as 
much larger than the Object QR, as the Di- 
ftance Z V is greater than Z R. All which is 
evident from the Theory of a Convex Lens. 

4. As the Tube O P is moved farther out 
; of, or into the Tube M N, the Image V W 
, will be fmaller or larger, according to the Di- 
ftance of the oppofite Wall. And tho' thoffe 
Objefts are generally fome humerous, ridicu- 
lous, or frightful Figures, to divert or fcare 
the Speftators; yet, I believe, this Machine 

\ might be applied to more ufeful Purpofes, in 
magnifying the tranfparent Parts of Animal 
and Vegetable Subftances, as Wings of Flies, 
Membranes, &c. efpecially if enlightened by 
the Sun-Beams in a darkened Chamber, as I 
.have maay Times experimented. 

5. But enough of this Inftrument. That 
which I fhall next defcribe is called an Opera 
Glqfsy from it's being ufed by Gentlemen in 
f * Play-houfes, and fometimes a Diagonal Per- 
JfeSiivt* from it's Conftru&ion, which is. as 

follow* 
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follows. A B C D is the wooden Tube about j 
4 Inches long ; E F, GH, are two Holes on j 
each Side, exadtiy againft the middle of I K 
a Plane Mirrour, which refledts the Rays fall- 
ing upon it to the Convex L M, thro' which 
they are refra&ed to the Concave Eye-Glafs 
N O, whence they emerge parallel to the Eye 
at the Hole r j, in the End of the Tube. 
Fig. 2. 

6. Let PaQ^be an Objed to be viewed, 
from whence proceed the Rays P c, a b> and 
Q^/, thefe Rays being refledted by the plane 
Mirrour I K, will (hew the Objedt in the Di- 
rection cp y ba y dq y in the Image pq 9 equal 
to the Object P Q^ and as far behind the Mir- 
rour I K, as the Obje& is before it ; the faid 
Mirrour being placed fo as to make an Angle 
of 45 Degrees, or half a Right Angle with 
.the Sides of the Tube, all which is evident 
from the Theory of a Plain Mirrour, here- 
tofore explained. 

7. Therefore considering p q as an Objed:, 
the Cafe of this perfpe&ive Glafs is reduced 
to that of a common refradting Telefcope of 
Galileo's Form, whofe Objed-Glafs is L M, 
and Eye-Glafs N O. And fince in viewing 
Obje&s near at hand, no magnifying of them 
is neceflary, the focal Diftances of both the 
Glafles may be nearly equal ; or if that of 
L M be three Inches, and that of NO be 
one Inch, the Diftance between them will be 
but two Inches, and the Obje<a will be mag- 
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nified three times, which is enough to anfwer 
the Defign of this Glafs. 

; 8. If the Objedt be very near, as Xlf, it 
is viewed through a Hole xy 9 at the other 
End of the Tube A B, without an Eye-Glafs, 
the upper Part of the Mirrour being poliftied 
for that Purpofe, as weli as the under. ' This 
Tube unfcrews near the Objed-GIafs LM, 
for taking out and cleanfing the Glafles and 
Mirrour. I pre fume enough is faid to ex- 
plain the Nature and Conftru&ion of this 
common and well known Inftrument. 

9. The peculiar Artifice tof 1 which is, to 
view a Perfon at a fmall Diftancef in fuch a 
Manner, that no one fhall know who it is 
that is ken'd at, though they know your De- 
fign 1 and that on a double Account, viz. be- 
caufe the Inftrument points towards another 
Quarter than that in which the Perfon is ; 
and becaufe there being a Hole on each Side, 
it is impoflible to know on which Hand the 
Objedl is fituated which you are viewing. 
The Pofition of the Object will be erefi: thro' 
a Concave Eye-Glafs. And Objedts fituated 
high or low will eafily be found, by turning 
the Inftrument round one Way and the other 
about it's ^xis. 
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